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Transmitted with this etter are twenty-five copies of the Wastewater Treatment Plant Sludge Handling 
Study. This report is a supplement to the Helena - Helena Valley Wastewater Facilities Plan, and con- 
centrates on the solids handling problems that have occured at the Wastewater Treatment Plant. 


Included in this report are: 1) a detailed analysis of the existing solids handling system including the 
Purifax unit, 2) an investigation into the odor problem at the Treatment Plant, 3) recommendations 
for an Interim Plan meeting the requirements of the Compliance Order issued by the State Depart- 
ment of Health, 4) recommendations for permanent improvements to the solids handling process for 
the planning period, and 5) costs to implement the recommendations. 


Our approach to this project has been to objectively perform evaluations and scientifically substan- 
tiate recommendations to the extent that it was possible to do so. It should be recognized, however, 
that certain investigations are beyond present technological capabilities, and precise answers are not 
obtainable within reasonable time and budget constraints. This is particularly the case with the odor 
problem and suspected harmful compounds that may be created in the chlorinated sludge. 


We believe our analysis to be thorough and our recommendations sound with the limitation that they 
are based on currently available information. As new information surfaces or regulations change, 
modifications to this study may be required. We have attempted to retain as much flexibility as pos- 
sible in our recommendations while still maintaining a clear course of action for the City to follow. 


As a final note, it should be clarified that we know of no wastewater treatment process that is com- 
pletely odor-free or foolproof. Our recommendations include processes that have been technolog- 
ically proven as sound and reliabie, but even these processes will likely have instances of malfunction. 


This has been one of our most interesting and challenging projects, and we appreciate the opportunity 
to provide this service to Helena and Lewis and Clark County. 


Yours very truly, 


ROBERT PECCIA & ASSOCIATES 


Tihea V Sete 
Robert J. Peccia, P.E. 
President 
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CHAPTER I 


Introduction 


CHAPTER | 
INTRODUCTION 


This sludge handling study has been prepared as a supplement to the 1978 Helena - Helena Valley 
Wastewater Facilities Plan to provide a detailed evaluation of solids handling practices at the Helena 
Wastewater Treatment Plant. The original Wastewater Facilities Plan contained a comprehensive in- 
vestigation of wastewater management options for the Helena municipality as well as the Helena Valley 
area. A broad-based approach was emploloyed considering wastewater generation, collection, treat- 
ment and ultimate disposal. Sludge handling was addressed as a part of the original plan, and the ex- 
isting system as well as various alternatives were investigated. This specialized study focuses on that 
particular aspect of Helena’s wastewater treatment and disposal activities and addresses the existing 


system and the most viable alternative in depth. 


Alternative sludge handling technologies presented in the original Wastewater Facilities Plan have been 
reviewed and supplemented as warranted. A significant part of this sludge handling study involved a 
rigorous analytical testing program oriented toward performance monitoring of the existing sludge 
handling facility. Data thus generated found application in the evaluation of all alternatives under 
consideration. The final result of this study is a recommended plan for future sludge handling activity 


in the Helena - Helena Valley area. 


A. BACKGROUND — ORIGINAL WASTEWATER FACILITIES PLAN 

The Wastewater Facilities Plan for Helena - Helena Valley, Montana was prepared jointly in 1978 by 
Black & Veatch of Kansas City, Missouri and Daily-Peccia & Associates of Helena in partial fulfill- 
ment of the Construction Grants Program Requirements of the U.S. Environmental Protection 
Agency (EPA). Thereafter the plan was adopted by the Areawide Planning Organization, Lewis and 
Clark County and the City of Helena and submitted to the EPA for approval. Grant Amendment Num- 
ber 1 was approved in 1979 to afford an additional wastewater treatment plant sludge disposal study 
to which this text is addressed. EPA approval of the original Wastewater Facilities Plan is being with- 


held pending submission of this amendment study. 


Bon oCore OF STUD. 

This sludge handling study serves to address wastewater solids treatment and disposal practices at 
the Helena Wastewater Treatment Plant situated along Custer Avenue directly east of Interstate I-15. 
It is the intent of this document to provide a practical planning tool for sludge management during 


the designated planning period based on the investigation and analyses summarized herein. 


‘ Ar ah Th at Oo ae 
mente 4 Sys yee Cah i 


A + peigbtt (05) saa he ati yen dan 


| a ’ r j be 
shia Pn te Te ea A a ay" “" ao a Bea 


\ . alt ny | v re | 
Sere 5 Serta ay rey nea tony be Naa lh 


a gy hed dbs i Oe me +m hn a iy h4 ori? "Ling “app 


‘ ¢ 
a whe er - 
f4 iad Vedi sind T'S t) dentine ae , 


Aig 


+ ESS OU SF SNe 


This study was conducted in accordance with the following primary objectives: 

1. Review available information on sludge produced and soil characteristics in the area of the 
treatment plant. 

2. Initiate a program of sampling and testing to determine further characteristics of sludge 
produced and of soii at potential disposal sites. 

3. Consult with appropriate local, state and federal agencies concerning the selection and de- 
sign requirements of a sludge disposal site. 

4. Review sample test results, evaluate available alternatives and recommend a method of 


sludge disposal for the City. 


Various alternative sludge handling plans have been developed and screened for economic viability 
and environmental soundness. A rigorous analytical testing program related to the existing solids 
handling system was employed to lend precision to this screening process. The most attractive alter- 
native has been cited and further developed, and serves as a basis for the fina] recommendations of 


this study. 


C. PLANNING AREA 

The planning area encompassed for this sludge handIng study is identical to that presented in the 
original Helena - Helena Valley Wastewater Facilities Plan (1978), which includes the municipality 
of Helena and the adjoining Helena Valley. By nature of the study subject, the focus of this report 
will be essentially restricted to the facilities at the Helena Wastewater Treatment Plant where munic- 
ipal wastewater solids are presently collected, treated and disposed. Current practices also utilize 
some adjacent open lands for land disposal of sludge. The minor volume of wastewater solids as- 
sociated with private treatment and disposal systems within the study area are not considered in 


this study. 


D. PLANNING TIME PERIOD 

This study has been undertaken with the intent of providing a plan for sound wastewater sludge 
handIng and disposal for the study area through the year 2000. It has been recognized and docu- 
mented in the original Wastewater Facilities Plan that existing facilities will not be adequate in 


themselves for wastewater solids generated in that period. 


E. JURISDICTIONAL AND ADMINISTRATIVE RESPONSIBILITIES 
The Helena Wastewater Treatment Plant and solids handling equipment associated with it are owned 
and operated by the City of Helena. Individuals presently executing this responsibility include em- 


ployees of the Department of Public Utilities, the Director of Public Utilities, the City Manager and 
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the City Commissioners. Regulatory responsibility for plant Operations compliance with all applic-- 
able state and federal discharge regulations is executed by the Water Quality Bureau of the Montana 
Department of Health and Environmental Sciences (MDHES) acting in conjunction with the U.S. En- 
vironmental Protection Agency. Plant discharges are governed by MDHES permit, ‘Authorization to 
Discharge Under the Montana Pollutant Discharge Elimination System”. This sludge handling study, 
in combination with the original Wastewater Facilities Plan for the area, is submitted as a quai- 

ifying step in the EPA Construction Grants Program. Procural of the necessary local capital to im- 
plement any suggested improvements to existing treatment facilities will likely involve an adjustment 
of municipal sewer rates contingent on approval by the Public Services Commission. EPA fiscal par- 
ticipation in such improvements typically can occur at either a 75 or 85 percent level, the latter being 


associated with particularly unique designs that qualify as innovative and Alternative. 
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CHAPTER II 


Assessment of Existing Situation 


ann Tht am! ¢ VP a Ve. Tt 2) Wee ee a es 
J orn on n inti Oy bl Ae - 
i", 7 ="" 4 ye 7 : ay i 7 v 
i ¥ fi, are) 4 St 
‘ ’ 
' we / 
: B® /u 
i J ‘ RAYY : 
45 
+ es 
+3] ‘ ‘4 eed: 
i DE ANe hei) i) 
> A A a A 
2 " c we rh ‘ 
+ 
are } i LY, ? 
2 a Pa : 
‘ _ ® 
iO eins 
- : f . : 
) é : tHe 
; ‘ 
Lf 
’ ~~ 
: 
i : 
bo is , 
, ’ 
o A Ay ¢ 
* 1 
, / 
ey, ‘ : : 
; 4 4 ,: 
’ ¢ i (Cee ek 
= MJ \ r : " A \ 
\ ! oy 34 
a i any 
¢ ; ? 
& 
‘ 
Clee 
ah 
rg 
i 
- 
1 . _ 9 
f y 
- ‘ 
‘ ‘ 
| oe 
j a | 
« fe bp ¥4 wi = 
we 
; ¢ 
te ' 
P 
’ 
‘ 
d 
i N 
‘ 
> 5 
* 
‘ 
. wie £ 
rat 
s 
\ 
i 
a by 
i ' f vy 
jy tN at) , 
‘ , 
ri! r 4 : 
Une 9 j 
ca Gis vi 
o. — in? wi 
i , i 
‘ we 
a 
1 iF . 
i 
; it 
‘ 


ies banal beng veep anal ' Li A) eee * in SE rs 
~e Paty 4 + + ot (1 See ee a 
. i Shi F ? i 


CHAPTER II 
ASSESSMENT OF EXISTING SITUATION 


Management of municipal wastewater solids in the Helena area has been the center of heated public 
controversy during the past year. Legal recourses have been invoked on occasion, and significant me- 
dia coverage has been devoted to the issues. The controversy has centered around the creation 

and dispersion of offensive odors in the Helena - Helena Valley area, and speculations have been raised 


regarding adverse environmental impacts associated with the existing sludge handling system. 


A. SUMMARY OF ORIGINAL ENVIRONMENTAL ASSESSMENT 

The study area occupies a broad intermountain valley overlain by relatively uniform ailuvial deposits, 
and bordered to the east by the Missouri River. Restrictions are posed to the use of significant por- 
tions of the soils in the area due to seasonally high water tables, shallow bedrock or restricted perme- 
abilities. These considerations are particularly critical to prospective sitings of landfills, drainfields, 
etc. Surface water resources in or near the study area include Lake Helena, Silver Creek, Prickly Pear 
Creek, Tenmile Creek and the Missouri River, some of which contribute to the Helena municipal 
water supply. Agricultural irrigation is typical in the outlying valley area; the Helena Valley Regulating 
Reservoir supplied by water from the Missouri River and an extensive peripheral canal system make 
this possible. A heterogenous basin-fill aquifer underlies most of the valley area at moderate depths, 


and good quality groundwater circulates fairly readily therein. 


Air quality within the study area is generally good, although infrequent violations of applicable fed- 
eral and state standards for particulates and sulfur dioxide emissions have been recorded. The air 
quality consideration paramount to this study involves the release of noxious odors associated with 
the treatment and disposal of municipal wastewater sludge. The issue of creation of a public nuisance 


has been periodically raised in this regard and has been the basis for recent litigation. 


Life forms indigenous to the study area are diverse, as is suggested by the abundant and varying hab- 
itat available including waterways, lowlands, grasslands, foothills and mountains. Enumerations of 
the various species of flora and fauna present are contained in the Environmental Assessment of the 


original Facilities Plan. 


Within the study area the Helena municipality occupies the southcentral portion with the usual civil 
land uses predominating. Elsewhere in the area open space with alternating irrigated cropland and 
pasture lands is typical, interspersed with frequent low-density development. Community facil- 
ities and services and socio-economic characteristics are reflective of the size and location of the 


Helena community and the presence of the state capital and associated state government offices. 
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Cultural resources for the area include limited archeological sites and a colorful background typical 


of its Indian history and later gold boom days. 


B. EXISTING WASTEWATER TREATMENT SYSTEM (LIQUID STREAM) 

The existing central wastewater treatment facility for the City of Helena is located in the northeast 
corner of the City at the intersection of Washington Street and Custer Avenue. The treatment plant 
includes both primary and secondary treatment facilities that have been constructed in several stages. 
The original primary treatment plant was constructed in 1960. Several changes were made to the pri- 
mary treatment plant, and secondary treatment facilities were added in 1974. In January 1978, a 
short-term aeration basin was completed and put into operation as part of the secondary treatment 
process in an effort to improve effluent quality during cold weather operations. Construction during 
1979 provided additional sludge lagoons and added ventilation to the existing headworks buildings. A 
schematic of the existing treatment process is shown on Figure 1, and Table 1 lists size and capa- 


cities of the various unit processes. 


1. Preliminary Treatment 

Raw wastewater enters the plant through a 42-inch gravity sewer line at the Influent Building. 
The Influent Building contains a grit separator (No. 1), two parallel comminutors, and a 24-inch 
Parshall metering flume. Grit Separator No. 1 is of the constant-level, short-term sedimentation type 
with a circular collector mechanism. Grit settles to the bottom of the basin and is collected in peri- 
pheral depressions in the basin and pumped to a cyclone separator. The cyclone separator washes the 
collected grit and returns organics to the plant flow. The unit can be bypassed through a 24-inch 


pipe when maintenance is required. 


Flow passes from the grit separator through two manually cleaned bar screens (two-inch and 
one-inch openings, respectively) or a comminutor. This unit shreds and grinds any fibrous or stringy 
material in the flow; the material is reduced in size until it will pass through 3/8-inch slots in the ma- 
chine and remains in the flow, which then goes to the Parshall flume. Flow passing through the flume 


is indicated, recorded and totalized on the main control panel in the Control Building. 


Effluent from the Parsha!! flume normally flows to Grit Separator No. 2 and the primary clari- 
fier. An overflow weir at the discharge end of the flume allows flows in excess of 10-11 mgd to by- 
pass directly to the secondary treatment portion of the plant. Recent improvements in the collection 
system have substantially reduced the peak flow rates entering the plant; thus bypassing of flow peaks 


should occur only in extreme situations. 


Lo 


i {- 
a ‘ ft : f 
2 ts 
" : iq on 
a. 
: , lee 
% i i€ 
f bt 
fi J 
; 
| ™ 
q ’ , 
; q 
y 7) 
: i 
; " 
3 
j 
aA 
Vy i 
“A, 
° 
5. 
7 
it 
eg 
, 
) 
Py 
ij 
‘ ¥ 
my 
i 
: 
iv et 
: 
+4) 
, 
f 
rt 
mn 
; 3 
hy 
f 
‘ 4 ae ’ 
i i 
oy 
as 
Lan 
4 ; 
1) 
Be 
ry ¢ 
ae ‘ 
r i? 
: 1h rh 


eneody wal? 


a ” - YY 4 - is ‘i 
vl’. laniqy? boivergised lutwolenie Be 


i 
pani? 
(MAIATS anol) ma reve rae Ai 


laa 
a 


. 
os 


= 


Bah Dy ptt 
untt ni borwac! s\ ringette vat aA Yet vaRiiet Keema anew 
rifeent oy ‘ A *pteu) Bee tende Ad male 0 ain sss: eed my at 
6: fh) Lato dante Medel ewer tents ealritic rv les slimes Hae bres weming die 
hey & « SBENTOCID:! minke, (Otle! Deas ast a ethyl he pay. yreraing Hani 


6TOl ni babhe ofaw st Mpcrtoed vanbawese ane foela? 
heart 2 QO OTT tha fee Lersiqmegzew niged noiseiee 

rwiy \/Pilaw ult avinge or tothe ae A jae 
} ae 

ari wilt stove Babee #i pybule fenoltlabe bebiver 

t 7 oe tr ev3 ortiaixe ott ta hea 


4 
yw wend 


pmemiestT yrierier wit: 


iT? Ewa! 
as 

5 # yy 
, mo. 
ei A ee 
{ r 

j : Tt 

J f i} 


bt sonentc goats 
ehupe 21 SANS pe 


ise Ting adit rot} zoreet 
fi . P wi be yi f2aGegt 7 me) 


viem ts eigie . ‘ fev ; c Ti fe fv! ' | wT a7y) 2 rf ci? ia; lzx69 nls pi tl roe: 7 
| as . 

Dro f 2) I < youd ory iri bo 7 ; vie awe seib 4 ort be vais 

‘ ay y 


bya ial, 


hvOUln) nos Joely at ls nolheg Ioertised yrabagoge of 

| bingeaseas 8 

eT ey 

pian . wiley $0 j ie P 
} ! i] = * ’ + ‘ ; 


TOC ava at , eibiey Oey OCW IETS BOT RT Ww a 3 thea any baau 


(21,2 UI9Yy9S) 
$$300Ud LNAWLVSYL YALYVMSALSYUM 


VNI1SH NI NOILVYANSS Sailos 
SNOODV1 ONIANG = —«-aDaM1s 
THAIGNVT OL 
SONIC 1A 
*olavaneae 
ONIGING 
—- | sglahio € SSSeteuvina uo. ¢ 1s aa 
NOILVGIXO 
YILYMILS UM 


LNINTINI 


YaISIYVIO_ het 
AYVANO9SS 


YIMOT1E 


ONIGTIANS 


TOYLNOSD 


(L°ON YHOLVYWd3SS 
LIYS HLIM) 


OSNIQTMAG LNAN TANI 


= ae 


c ‘ON 
YOLVYVd]AS 
olties 


Pale 


YaIdIYVI19 NISV@ 
AYVANOOSS NOILV HAV 


NISV& 
LOVLINOD 
ANIYOTHO 


(ADYVHOSIG OL GINDIT) 
LNINTSSFT CILVIAL 


—-MaISINWI9 
— AMVINIEd: 


WVSYHLSSCI10S 319VLVO1d seeemmeee 
WV3¥1SS0I10S 319V21L0S 
WV3YLS GINDIT YALVMSLSVM — : 


FIGURE 1 


TABLE 1 
EXISTING TREATMENT UNITS 


UNIT DESIGN 
Average Daily Flow (Q.yg) 6.0 mgd 
Max. Daily Flow {Q,,.,) 12.0 mgd 
Grit Separator No. 1 1 unit 
Size 20’ x 20’ x 3’ SWD 
Velocity @ Qayg 0.15 fps 
Comminutor 2 units 
Parshall Flume 24-inch throat 
Capacity (limited by meter) 14.0 mgd 
Grit Separator No. 2 1 unit 
Size 20’ dia. x 5’ SWD 
Velocity @ Qayg 0.1 fps 
Primary Clarifier 1 unit 
Size 85’ dia. x 11’ SWD 
Surface Overflow Rate @ Qayg 1060 gpd/sf 
Detention Time @ Q,,, 1.9 hrs. 
Vee-notched weir lengt 265 If 
Weir overflow rate @ Qavg 940 gpd/If 
Sludge Collector Radial, blade-type 
Sludge Removal Pumps 2 @ 46-140 gpm ea. (Moyno) 
Secondary Recirculation Building 
Recirculation Pumps 2 @ 7500 gpom* 
1 @ 4200 gpm 
1 @ 3300 gpm 
Waste Sludge Pumps 2 @ 300 gom 
Biological Towers 2 units 
Size (ea.) 24’ x 64’ x 14’ media depth 
Hydraulic Loading Avg. @ 2.5 Recirc. 3.4 gom/sf 
Biological Loading 230 Ibs. BOD;/1000 cf 
Aeration Basins 1 unit 
Size 61‘ 8" x 40’ x 15’ SWD 
Detention Time @ Qavg 1CashTs. 
Static Aerators 72 units 
Firm Blower Capacity 2500 scfm 


* One unit has both electric motor and natural gas engine drive. 
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TABLE 1 


EXISTING TREATMENT UNITS 


(CONT.) 


UNIT 


Final Clarifiers 


Size 

Surface Overflow Rate @ Q,,, 
Detention Time @ Oe 
Vee-notched weir isnath (ea.) 
Weir overflow rate @ Qa, 
Sludge Collector 

Sludge Removal 


g 


Chlorine Contact Basin 


Size 
Capacity 
Detention Time @ Gnax 


Sludge Holding Tanks 


Size 
Capacity 


Sludge Oxidation Equipment 


Chlorinator 

Chlorinator Capacity 

Purifax Oxidizer 

Purifax Throughput Capacity 

Purifax Recirculation Pump Capacity 


Sludge Lagoons 


Total Lagoon Surface Area 
Available Lagoon Freeboard 


DESIGN, 
2 units 
75’ dia. x 10’ 6’ SWD 
680 gpd/sf 
2.8 hrs. 
235 If 


12,800 gpd/If 
Vacuum withdrawal 
Gravity flow (14” dia. pipe) 


1 unit 

H6ex Oon4 1X0 07 OW 
186,000 gal. 

22 minutes 


2 units 
45’ dia. x 20’ (approx.) SWD 
275,000 gal. ea. 


1 unit 

4000 I|b./day 
1 unit 

108 gpm 
770 gpm 


10 cells 
11.4 acres 
8’ (approx.) 
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Grit Separator No. 2 is a tangential flow unit with a circular collector mechanism, and can also 
be bypassed when required. Grit is removed from the unit with a screw conveyor. Grit collected by 


the two separators is hauled daily by truck to the landfill for disposal. 


2. Primary Treatment 

_ Flow from Grit Separator No. 2 goes to the primary clarifier. Suspended solids and organics 
settle in the circular basin and are removed as sludge from a hopper in the bottom of the tank. Float- 
ing solids are skimmed to a collection beach and are then discharged to a scum pit. The primary 
sludge and scum are periodically removed from the clarifier by pumps in the Control Building to 


sludge storage tanks for further processing. 


3. Secondary Treatment 

Primary effluent flows by gravity to the Secondary Recirculation Building where secondary 
treatment begins. Secondary treatment removes soluble organics and suspended solids using a bio- 
logical treatment process. This process combines fixed media biological towers (Activated Bio-Filter — 


ABF), a short-term aeration basin, final clarifiers, and sludge pumping and recirculation facilities. 


The primary effluent is combined with recycle flows from the towers and return sludge from 
the final clarifiers in the Secondary Recirculation Pumping Station. This mixture, called mixed liquor, 


is pumped at a constant rate over the ABF towers. 


The biological towers consist of a fixed nozzle flow distribution system and racks of horizontal 
redwood lath. Flow cascades over the redwood !ath which supports fixed-film biological growth and 
aerates the mixed liquor. Effluent from the towers is split with a part discharged to the aeration basin 
and the remainder returned to the Secondary Recirculation Pumping Station. The percentage of flow 
split is treatment-dependent; that is, it is varied by operating personnel to maximize efficiency of the 


treatment process. 


The aeration basin consists of six square interconnected cells through which mixed liquor flows 
in series. Each cell contains twelve static aerators which provide mixing and oxygen transfer. Air is 
supplied to the static aerators by three rotary positive displacement blowers housed in the Blower 


Building. 


Effluent from the aeration basin is split equally between two final clarifiers. The circular final 
clarifiers are equipped with vacuum uptake sludge removal mechanisms. Return sludge flows by grav- 
ity to the Secondary Recirculation Pumping Station. Waste sludge is removed from a hopper in the 


bottom of the clarifiers or from the return sludge pipelines. Waste s!udge can either be pumped to the 
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sludge storage tanks for subsequent processing or combined in the primary clarifier with the primary 


sludge. 


4. Disinfection 

Final clarifier effluent flows to the chlorine contact basin where disinfection occurs. Chlorine 
gas is mixed with water at the Chlorine Building to produce a chlorine solution. This solution is then 
injected into the wastewater at the head of the chlorine contact basin. The maze-like configuration 
of the basin provides adequate contact time for disinfection prior to discharge. The chlorine contact 
basin effluent passes over a Cipolletti weir which indicates effluent flow, and is carried by a 36-inch 


outfall pipe and an irrigation ditch to Prickly Pear Creek. 
C. EXISTING WASTEWATER TREATMENT SYSTEM (SOLIDS HANDLING) 


1. Description of Existing System 

Solids are separated from the liquid wastewater stream at two separate points in the existing 
treatment system and combined for subsequent treatment. The overall process is shown in schematic 
in Figure 14. Sludge and scum are removed from the primary clarifier for interim storage prior to 
processing. Secondary sludge is pumped to storage from the two final clarifiers. Hydraulic and organic 
loads generated by the primary and secondary sludge streams are discussed in detail in the following 


section (p.11 ). 


Solids generated in the preliminary treatment processes are of the rag, grit, and heavy sediment 
types, and are excluded from the in-house sludge processing stream. Collected grit is removed on an 
as-required basis by truck transport for landfill disposal. Grit from the No. 1 Separator is washed in a 
cycloneseparator such that the residual is relatively free of organic solids, and when combined with 
grit from the No. 2 unit, the resulting product is essentially inert and well suited to landfilling. Grit 
disposal is accomplished at a special landfill site immediately west of the existing sludge dewatering 


lagoons. 


Primary wastewater treatment is accomplished utilizing an 85-foot diameter upflow clarifier 

with a vee-notched peripheral weir operated at a detention time of approximately two hours (Plate1). Hy- 
draulic loadings (gallons per day per square foot of surface area) on this unit are currently near 
maximum design standards. Detention time in the basin is adequate; however as cited in the orig- 

inal Facilities Plan, an additional primary clarifier is needed to insure proper performance and backup 
capability. Quiescence provided within this unit allows solids in the wastewater stream to settle to 

the bottom where they are collected and concentrated into a central hopper. Transfer of this primary 
sludge to temporary storage is accomplished with two progressive cavity pumps capable of 46 gpm to 


140 gpm operation each. 


A rotary boom-type skimmer rakes solids floating on the primary clarifier onto a collection 
ramp containing a central well through which discharge of accumulated scum occurs. Cycling of the 
skimmer across the ramp is intended to raise the well plug, allowing scum and minimal extraneous 
water to drain by gravity to a scum pit. Later, manual capability for scum blowdown was also pro- 
vided by plant personnel via a rope attached to the well plug, and is periodically employed by the op- 
erator on location. From the scum pit, collected floatables in slurry with wastewater simultaneously 
collected are pumped along with the primary sludge stream to the sludge holding tanks for temporary 
storage. The volume contributed to the primary waste solids stream by the scum fraction is compar- 


atively minor as would be expected. 


The other significant contributing wastewater solids stream originates in the secondary treat- 
ment module of the plant at the twin final clarifiers. Two 75-foot diameter circular upflow clarifiers 
operated in parallel provide final effluent polishing for flow coming directly from the aeration basins. 
No floatable solids capture and removal mechanism is presently provided on these clarifiers, but 
settled sludge is removed using vacuum uptake mechanisms. Polished effluent is discharged over peri- 
pheral vee-notched weirs, and flows to the chlorine contact basin for subsequent disinfection. Hy- 
draulic loadings on the secondary clarifiers are relatively low, and the detention time of slightly less 
than three hours is adequate. Flow to the two secondary clarifiers is approximately equal and opera- 


tional modes are identical. 


Secondary sludge wasted from the two final clarifiers flows by gravity to the Secondary Recir- 
culation Pumping Station and then can be pumped to the sludge holding tanks prior to treatment. 
Operational flexibility does exist, however, to recycle a fraction of the secondary sludge to the head 


end of the primary clarifier. 


Two similar 275,000-gallon cylindrical anaerobic digester tanks for sludge stabilization were 
constructed as part of the original primary wastewater treatment plant facilities (Plate 2). Since that 
time anaerobic digestion of wastewater solids has been discontinued at the plant, and subsequent 
modifications of the plant facilities included conversion of these tanks to sludge holding basins. 
Stationary tank covers have been installed in lieu of the original floating covers, and the units are 
currently used to hold the mixed stream of primary sludge, primary scum and waste secondary sludge 
prior to processing. Present sludge treatment operations are not conducted on a continual basis, thus 
requiring these interim holding provisions. The size of the converted digester tanks is adequate to 
afford 11 days of sludge storage at average plant flow in the event of a breakdown in the sludge 


processing system, provided the tanks are empty at the time of failure. 


Conical bottoms exist in both of the sludge holding tanks, and the No. 1 tank is equipped with 
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limited internal mixing capability afforded by a single 300-gom (approximate) pump. This is intended 
to promote mixing of stored solids, and prevent undue settling of solids from suspension. Thus the 
waste sludge stream is intended to be kept relatively homogenous to achieve optimum results from 


subsequent processing operations. 


Sludge treatment for ultimate disposal of wastewater solids held in the existing holding tanks is 
accomplished using a chlorine wet oxidation process known by the proprietary name of ’’Purifax”’. 
This process, marketed by BIF, Incorporated, a unit of General Signal Corporation, involves 
exposing the raw sludge stream to an intense dosage of chlorine, a powerful oxidant, in aqueous solu- 
tion. This is accomplished in a closed reactor under pressure conditions (30 to 40 gauge psi), and is 
intended to biologically and chemically stabilize and disinfect the wastewater sludge (Plate 3). A 


schematic of this process is shown in Figure 2. 


Processes such as Purifax are known as superchlorination treatment processes, and depend on 
the chemical behavior of chlorine in contact with organic materials which predominate in municipal 
wastewater sludges. In the process, gaseous chlorine is fed from one-ton pressurized cylinders (Plate 4) 
into a chlorinator device (Plate 5) which mixes the gas with fresh water forming a strong aqueous 
chlorine solution. In the presence of water, diatomic chlorine forms two chiorinated products: 
hypochlorous acid and hydrochloric acid. Upon contact with an organic soiution such as sludge, each 
product serves a unique function in the process. The hydrochloric acid severely reduces the pH of the 
solution which affects further behavior of the process as well as killing a significant fraction of 
bacterial species present due to the formation of a strongly acid environment. The hypochlorous acid 
formed, along with its subsequent byproducts, oxidizes various organic components of the sludge and 
renders it innocuous. This latter phenomonon is accomplished in two ways: 1) Certain sludge 
components are stabilized or altered to make them unsuitable for bacterial consumption as food 
sources, and 2) other sludge components are altered to create compounds that exhibit toxic proper 
ties toward bacteria. Thus the Purifax process accomplishes sludge stabilization by blocking meta- 
bolic pathways by which bacteria are able to utilize organic materials in the sludge to promote bio- 
logical degradation and further decay. Additionally, the process alters other physical characteristics 
of the sludge, making it less objectionable. Chlorine, the basis for familiar household bleach, also 
bleaches the sludge stream from its raw dark brown or black color to a tawny buff color. The odor is 
also drastically changed to a unique sweet, chlorine-suggestive smell, one that has proven to be offen- 
sive to citizens in or near the vicinity. Solids/ liquid separation is also reported by the manufacturer 
to be enhanced which can aid dewatering prior to further disposal operations such as sand bed 


lagooning or vacuum filtration. 


Chlorine applied in the Purifax process is added in excess of oxidative requirements, hence the 


characterization of ‘’superchlorination’’, with the intent of establishing a high free-chlorine residual 
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FIGURE 2 
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FIGURE 2 


PLATE 3: Purifax sludge oxidation equipment housed in Sludge Oxidation 
Building; note first reactor visible in foreground and top of second reactor 
in background. 


Bic. 


PLATE 4: Storage room for one-ton chlorine gas cylinders in Sludge Oxi- 
dation Building; Purifax machinery visible through doorway. 


- PLATES 3 & 4 


PLATE 5: Chlorinator device to mix gaseous chlorine into aqueous solution 
prior to feed to Purifax oxidation equipment. 


PLATE 6: Filled sludge drying lagoon; note pipe at right used to fill lagoon 
with freshly processed sludge. 


PLATES 5 & 6 


in the treated sludge. This serves to prevent the resumption of bacterial action that could cause sub- 
sequent decay and generation of associated foul odors. The manufacturer’s recommendations are to 


provide a free chlorine residual in fresh Purifax effluent of 200 to 300 parts per million. 


At the Helena facility one 108-gpm Purifax unit is housed in the Sludge Oxidation Building 
(Plate 3). This unit is intended to operate approximately one eight-hour shift per day including week- 
ends, and processes an average daily flow of approximately 50,000 gallons. The processing is shown 
in schematic in Figure 2 (preceding). The solids content of this sludge stream fluctuates from three 
to four percent by weight, but on occasion has dropped to two percent. Chlorine is transported to 
the site in one-ton pressurized cylinders and held in a storage room at the south end of the building 
(Plate 4). An overhead bridge crane conveys cylinders individually on an as-required basis to the 
sealed chlorinator room for hookup and discharge to the chlorinator device (Plate 5). Water is piped 
in to form the aqueous solution which is fed under pressure to a central room housing the Purifax 


machinery. 


The chlorine solution is introduced into the sludge stream immediately upstream of a pressur- 
ized reactor where circulation is introduced in a spiral pattern to promote chemical reaction. 30- to 
40-gauge psi are maintained in the reactor and effluent flow is split, with the majority going to re- 
cycle through the initial phase of the process. The remainder is piped to a second reactor operated at 
similar pressure for completion of the oxidative process. Typical volumetric recycle through the first 


reactor is on the order of 90 percent, although this control parameter can be varied. 


Upon discharge from the Purifax unit, treated sludge is pumped directly to dewatering lagoons 
(Plate 6). A network of ten lagoons of slightly larger than one acre each is now in service; recent 
construction has doubled the number of lagoons available. Sand liners have also recently been in- 
stalled in the lagoons to promote percolation and expedite dewatering operations anc provide an inert 
buffer zone above the soil (Plate 7). One of the lagoons is also equipped with a perforated PVC under- 
drain system to enable monitoring and analysis related to bed performance. The lagoons are operated 
on a rotational basis with treated sludge being pumped to an individual cell until a depth of approxi- 


mately three feet has been reached. At that point discharge is switched to an alternate cell. 


A combination of evaporation and downward percolation removes the bulk of the moisture 
from the lagooned sludge, eventually resulting in a leathery cake of residue. These cried solids 
are then amenabie to equipment handling, and are raked from the bed with front-end loaders and 
trucked to a landfill disposal site. Present landfilling operations utilize a city-owned site restricted ex- 


clusively to sludge disposal lying immediately northeast of the wastewater treatment plant. Dewatered 
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PLATE 7 : Sludge drying lagoons showing newly installed sand liners to pro- 
mote sludge dewatering. 


PLATE 8: Filled sludge drying lagoon used for analytical tests including mon- 
itoring of free chlorine residual and lagoon stage; note stage measuring stake 
in foreground. 


PLATES 7 & 8 


solids are deposited in trenches excavated to an average depth of ten feet, and earth cover material is 


replaced at a typical thickness of at least two feet. 


increased interest in leachate monitoring from the sludge landfill prompted the installation of a 
series of monitoring wells in and around the site in 1979. This was performed by Hydrometrics, Inc. 
of Helena and will provide information regarding seasonal groundwater fluctuations as well as genera- 
tion, content and movement of leachates. Comprehensive quarterly analyses are planned of mon- 


itored well waters to assess related environmental impacts. 


The projected life of the present sludge landfill site will fulfill the City’s needs well past the year 
2000. Investigations are currently underway for extended land procural to meet future needs. Sites 
under consideration lie adjacent to the treatment plant to the north and northwest. Significant por- 


tions of these sites under consideration are currently in the private domain. 


2. Hydraulic and Organic Loadings on Existing Solids Handling System 

Loadings on the existing solids handling system at the Helena Wastewater Treatment Plant can 
be described in terms of both quantitative and qualitative parameters. Quantitatively speaking, the 
load on solids handling equipment is expressed in terms of the volume of wastewater sludge to be 
treated on a daily basis. The quality of this sludge stream can be described in terms of the actual 
mass of solids contained in the total flow. A sludge treatment process such as the current chlorine ox- 
idation technique is aimed at stabilization of the solids contained in the sludge stream. Thus the qual- 
itative parameters of actual solids mass along with indications of the relative organic content or oxi- 
dizable fractions contained therein are of primary importance. Sludge volume considerations are sig- 
nificant from the standpoint of the flow capacity of treatment equipment. The relative dilution or 
concentration of solids in the sludge stream afforded by the presence of extraneous wastewater is 
somewhat critical to chlorine contact processes such as Purifax due to the process’ dependence on 


thorough contact between the oxidizing solution and oxidizable materials in the sludge. 


Average quantitative and qualitative parameters observed in the wastewater sludge stream at the 
Helena plant are presented in Table 2. Due to changes in the quantity and strength of plant influent 
and variations in the biological process employed in the secondary treatment module of the Helena 
facility, these parameters show significant variability. The opportunity for limited solids/liquid sepa- 
ration due to inadequate mixing in sludge held in interim storage induces further variation in the 
daily characteristics of material reaching the Purifax oxidation equipment. The standard operational 
procedure of interim storage prior to processing thus prevents an exact characterization of the sludge 
stream. Consequently, the values presented in Table 2 are at best approximate averages over recent 


months of operation. 
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TABLE 2 


EXISTING LOADS ON SOLIDS HANDLING SYSTEM 


RECENT AVERAGES* 


Parameter Value 
Average Daily Wastewater Flow (observed) 3.2 mgd 
Design Average Wastewater Flow (daily) 6.0 mgd 
Design Maximum Wastewater Flow (daily) 12.0 mgd 


Primary Sludge Stream 


Daily Production 10,000 to 18,000 gpd 
Solids Concentration in Primary Sludge 2% to 4% by weight 
Weight of Primary Solids Produced per Day 2,000 to 4,000 Ibs./day 


Secondary (Waste Activated) Sludge Stream 


Daily Production (to disposal) 25,000 to 45,000 gpd 
Solids Concentration in Secondary Sludge 1% to 2% by weight 


Weight of Secondary Solids Wasted per Day 2,000 to 5000 Ibs./day 


Combined Sludge Stream 


Daily Production 40,000 to 50,000 gpd 
Solids Concentration 1.5% to 4% by weight 
Weight of Solids Produced per Day 4,000 to8,000 Ibs./day 
COD, Total * 3,660 mg/| 


* Values expressed are the result of consultation with plant operating personnel and examination 
of records for the last six months of 1979. Variations in the biological system employed for secon- 
dary treatment and the changes in sludge consistency induced by interim storage with minimal mix- 
ing necessitated the reporting of values as characteristic ranges. 


t Value obtained from the analysis performed in triplicate on grab sample from No. 1 holding tank 
by Alden Beard on January 18, 1980 at treatment plant lab. 
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3. Performance of Existing Wastewater Sludge Handling System 

The past performance of the existing wastewater solids handling system at the Helena Waste- 
water Treatment Plant has been the subject of recent controversy, particularly with respect to sludge 
dewatering and disposal activities. It has been further observed that with respect to the present Puri- 
faxing operation, certain performance data has been unavailable up to this time, and some data dis- 
tributed by the equipment manufacturer has been criticized as inaccurate or incomplete. Thus a 
comprehensive investigation was launched to evaluate the performance of the existing sludge handling 


system, and a supplemental analytical testing program was implemented. 


Several performance problems associated with wastewater solids capture and removal mech- 
anisms at the Helena treatment plant were cited in the original Facilities Plan and are worthy of sum- 
mary here. These deficiencies concern preliminary, primary and secondary treatment processes at 


the plant, and thus indirectly affect solids handling operations. 


i. |The two comminutors operated in parallel as part of the preliminary treatment module 
of the plant posed a maintenance problem and complicated further treatment operations. In par- 
ticular, rags and fibrous materials ground up in these devices caused subsequent plugging problems 
for the spray nozzle system atop the ABF tower of the secondary treatment system. Additionally, 
fibrous materials have caused flow blockages along the vee-notched overflow weir of the primary 
clarifier; this has required the regular cleaning of the weir with high-pressure fire hose equipment. 
In the past month one of the comminutor units has been replaced with a pair of manually cleaned 
bar screens with two-inch and one-inch openings, respectively. It is expected that immediate improve- 
ments will be observed due to the removal of the rag and fibrous fraction of the incoming waste col- 


lected on the screens. 


ii. Scum removal capability on the existing primary clarifier has been cited as ineffective and 
troublesome. Despite the capability for manual operation of the scum blowdown equipment, the re- 
moval of floatable materials has not been reliable or satisfactory. This has contributed to the plugging 
problems described above associated with the vee-notched primary clarifier weir and the ABF tower 
distributor nozzle system. The original cam-activated automatic scum blowdown system is frequently 
supplemented with the manual override capability, but plugging of the blowdown pipe which must be 
used in either case continues to pose a problem. Furthermore, a significant quantity of extraneous 
wastewater is removed along with the captured scum, introducing unnecessary hydraulic load on solids 


storage anu processing facilities. 


iii. The existing primary clarifier is presently overloaded, and as plant flows increase in the 


future with increasing population and subsequent wastewater generation, performance will continue 
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to decline. it was strongly recommended as part of the original Facilities Plan that a similar addition- 
al primary clarifier be added to improve performance and add backup capability in the event of fail- 
ure of one unit. The practice of recyling of a fraction of the waste-activated sludge from the secondary 
treatment process to the head end of the primary system added further stress to the already over- 
loaded unit. However, recent piping additions have provided an alternative to this practice, and allow 
waste-activated sludge to be transferred directly to the sludge holding tanks. According to the Plant 


Operator, the practice of recycling to the primary clarifier has been discontinued indefinitely. 


iv. The secondary clarifiers, while of adequate capacity, are not presently equipped with scum 
removal apparatus. Addition of such equipment has been twice proposed, but has not been approved 
for funding assistance by the EPA. The addition of suitable skimming equipment to the final clarifiers 


or, alternatively, to a suitable chamber of the subsequent chlorine contact basin is recommended. 


While these problems do not have a substantial effect on the operation of subsequent solids storage, 
processing and disposal operations, they do impede optimum operation of the Helena wastewater 
treatment process as a whole. Thus these related solids capture and removal operations are important 


considerations in the overall task of wastewater solids management. 


The heart of solids handling operations at the Helena Wastewater Treatment Plant involves the 
following facilities, which will be looked at from a performance standpoint in the following section: 
the sludge holding tanks, which provide interim storage for the collected solids stream prior to pro- 
cessing; the Purifax sludge oxidation equipment; the sludge dewatering lagoon network; and the dried 
solids landfill site. Additionally, the results of the analytical testing program implemented to ascertain 


performance characteristics of some of the system components will be described in detail. 


a. Sludge Holding Tanks 

The existing twin 275,000 gallon tanks for interim sludge storage prior to further process- 
ing were originally used as anaerobic sludge digesters when the Helena Treatment Facility was re- 
stricted to primary wastewater treatment. Up to ten days of raw sludge storage is afforded at average 
daily flows, and the tankage available is typically used to at least half capacity. This has been due at 
. least in part to reliability problems associated with subsequent processing equipment that have re- 
quired frequent stockpiling of sludge. Under ideal operating conditions, a comfortable standby capacity 
is afforded by the holding tanks that would allow a reasonable downtime margin for the downstream 


processing machinery. 
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The sludge holding tanks are hydraulically connected and typically operated in series such 
that sludge for processing usually comes directly from only one of the two units (Tank No. 2). A 
small mixing pump is available to serve either of the holding tanks individually; however, it is gener- 
ally employed on the No. 2 tank feeding the Purifax system. This provision is intended to minimize 
solids/liquid separation within the tank and to promote a homogenous feed to the processing equip- 
ment. The pump, which has lost capacity with age, can presently only circulate a maximum of ap- 
proximately 300 gom. When compared with the total volume of one tank (275,000 gallons), a tre- 
mendous inadequacy is apparent. This is substantiated by the regular experience of plant operating 
personnel which indicates that initial withdrawal from a tank containing half capacity or more of 
sludge is generally very watery in nature. A very thin sludge stream will continue to predominate for 
several days when the tank is being drawn down from a nearly full stage. Eventually the sludge be- 
gins to thicken as withdrawal continues, with the final fraction being very heavy and thick. Due to 
the dependence of adequate chlorine feed in the processing equipment on the solids content of the 
sludge, this changing pattern of increasing sludge concentration causes operational problems and re- 
quires constant attention by operating personnel. With internal mixing capability diverted to the 
No. 2 tank, a similar separation pnenomonon occurs in the No. 1 tank, compounding the problem. 
Greatly increased mixing capabilities in both holding tanks would improve the situation, and down- 


stream sludge processing operations would likewise undoubtedly benefit. 


b. Purifax Sludge Oxidation System 

The Purifax sludge oxidation process is by nature a chemical-intensive one. Gaseous chlor- 
ine feed to form the aqueous oxidizing solution is on the order of one-half ton per day. Due to the 
problems with varying consistency in the raw sludge feed as described above, the chlorine feed re- 
quirement to obtain a satisfactory effluent residual (200 to 300 ppm) fluctuates significantly; the 
usual range falls between 350 and 500 Ibs./day. It is intended under normal operation that the oxi- 
dizing equipment run one eight-hour shift per day, seven days per week. At the present delivered 
price for chlorine gas of $.12/Ib., the annual operating expenditure for chlorine forthe Purifax units 


is approximately $18,000. 


The necessity in the Purifax process of providing chlorine in excess of oxidative require- 
ments requires that the process be monitored closely. Several important considerations must be 


balanced to achieve optimum performance in the system: 


i. Sufficient chlorine must be present to completely oxidize organic material in the raw sludge 
and additionally provide an effluent residual of 200 to 300 ppm. This requirement varies almost di- 
rectly with the solids content of the raw feed, which exhibits wide fluctuations, as previously dis- 


cussed. 


14 


j ; iy ‘i 
vas " eid BON eo? ae 


oa, Md 
7 a +6 

' is i " Pe 

t a Fy 7 lf 

aw 


. } ie 2 af on i ve 
4 igus 26192 ni bs te eeyD wiagiqns | “2 

i ay Dae 
A AS ol tT) prin Ow ent 3e a: yn 


in hi 


‘orgy 2: Tf yeveweorl -yil isubivibal. Aged a es, et 
ssitrniin G9 bsonetrd a moleiver, gett, wnateye Keli) welt geiih 


ne i) . 
' fa 
ite onitesoan: ert af best 2YOrepOR EE * atorne Pe bang sits seniatne te oHEgs D 


cee Pals ee om 
ii . eet batt debe: a we 
tert ele iy ore 
ny s ianotlge OOO GUS) pa? ae Io -etrow bateot dele ety rsbowastos month gp 008 
* | to sonst eqs teluper ortt veer shia atat Jnavaqys # youupaber 


. . » 1 — > _ i 4 
a6 NUTS VOUS YING YAASeeN NOS ture tf Vine | 


NIT. [previa in (iM itieel Jerl? en moik at if sighs pine ; 

7 = a 7 
- my. alo 4 Varta, f A eittec ci yrs7e Ww WiIsy yi e setae 
n Uireva #6oste i “) p\paehty VE Ws oried a ane Mi neriwy ty at 


hii { it Ke av pgs is ei ; ‘ " super y( TOD lows vocttiw na re sit " 


’ oy Be NG SI) 3, Vo val i) feo r ree aT a) ] 3526G wr Tipe arta aint 
¥ . > 7 — am 
} 6 . Tet sree ett te Cy DIR PS VIO VO AC arts TaBIENOD: oH v > 
—— 
‘ante a0 noe aae limi 6 pe 


ries RBS OF Xi be 
fishin SH WGS Prieeegay 


ten VC pataban egbule xe} Hud oT, ia 

+ the east . Ae Lo Tero eA ne y . © ORO QvuOsupSs ory mot ork 
: Vartareieros pei isl 
vclt : larva! ' at) (mG GOE er OOK) 2 ¥IGlagl2 ice 6 Nieto OTM ‘ 
-j/xo 270 tort Go jemman bow Sabeeia Ca tee OSS neowied ete? spine 
| vols vid. Nich two wothtgis ene nuns romaine 


Al \Sl 20 2a animale 


scbule wer scl? ol bshreter olomgno exitiieo ¥lotaleaine of sreenna stl-danien shiv 
7. 

‘Th Pome 2anev inemeivpwt adT wneaq OOF of OOS te igubinen dese 
. Jvmq @ 2noltenioull abiw eridisike Moirtw bed? - wide at 


Ae - 
2 feel 


ii. Extreme overdosing of chlorine to assure fulfillment of instantaneous peak demands is ex- 


travagant and costly, recognizing chlorine costs. 


iii. Overdosing of chlorine results in a significantly higher effluent chlorine residual than the 
200 to 300 ppm desired range. This has been suspected as a contributing cause to the generation of 


offensive chlorine odors, recognizing the unpleasant odor associated with high concentrations. 


In response to these considerations, treatment plant personnel currently test the free chlorine resid- 
ual of freshly processed effluent on an hourly basis using a Hach Chemical Co. test kit procedure. 
Depending on the results obtained, a direct adjustment to the chlorine feed can be made. Addition- 
ally, a Standards Methods Free Chlorine Residual Analysis is made in the plant laboratory at least 
once per day to verify the test kit results. Agreement between results of the Standard Methods and 
the test kit procedure is not precise, but the discrepancies observed are consistent enough to allow use 
of the latter method for Purifax process adjustment. Unfortunately, with the present raw sludge 
mixing provisions in the existing holding tanks, chlorine demand fluctuates more rapidly than it would 
be feasible to monitor. Thus these mixing problems should be corrected if operation of the Purifax 


system is to be optimized. 


The Purifax system necessarily requires specialized equipment and handling provisions due to 
the highly corrosive properties of chlorine. However, such provisions have not been without fault. 
Corrosion of metal machinery surfaces, chlorine feed pipelines and electrical control circuitry has 
been a serious maintenance problem. The neglect of certain maintenance duties in the past caused 
numerous component equipment failures, resulting in mediocre operation of the Purifax system asa 
whole. However, an intensified maintenance program for sludge oxidation equipment recently im- 
plemented by the City has been very successful in remedying past deficiencies. Significant cost and 
effort have been expended from mid-1979 to date to acquire additional competent personnel and 
expand knowledge of the Purifax operation. The results of this intensified effort have been im- 
pressive, and have thus far included repair and replacement of piping systems and electrical circuitry, 
cleaning and repair of equipment, replacement of various Purifax equipment components, and num- 
erous other site improvements. However, a significant number of component failures continue to 


plague the system. 


In the course of the analytical testing program implemented as part of this study a number of 
significant component failures were encountered that resulted in temporary delays in obtaining sam- 


ples for analysis. While perhaps not representative of the operational capabilities of the system, these 
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problems, as summarized below, do reflect the maintenance-intensive nature of this type of equip- 
ment. !t should be noted that the following breakdowns occured despite the recent implementation 


of an intensified maintenance program for solids handling machinery. 


November 13 through 16, 1979: Purifax system down for repairs; loss of vacuum on 
chlorine feed system prevented chlorine introduction to system reactor; repiping and other 
repair necessary; this failure encountered in trying to obtain Purifax sample for nitrogen 


assays. 


November 29 through December 5, 1979: Purifax system down for repair; automatic con- 
troller had sheared square PVC stud on plastic ball valve; part order was necessary and de- 
livery time slow; this failure encountered in trying to obtain Purifax sample for GC/MS 


scan for volatile organics to be performed by Lauck’s Laboratory of Seattle, Washington. 


December 14 through 19, 1979: Purifax system down due to broken manifold plate; part 
order thought to be necessary, but repair kit with necessary repair part located at plant 
and repairs proceeded relatively quickly; extensive dismantling of Purifax machinery re- 
quired; this failure encountered in trying to obtain additional Purifax sample for Lauck’s 


Laboratory. 


January 21, 1980: Hole has developed in fiberglass pump casing that is part of Purifax 
machinery; chlorinated sludge is seeping from casing; system remains in operation be- 
cause sludge holding tank capacity is close to exhausted and additional sludge must be 
treated before the Purifax system can be taken out of service for the necessary repairs; 
part order is anticipated; this failure encountered in procuring Purifax sample for activated 


carbon batch tests for odor control 


lt should be further noted that such failures require the interim stockpiling of raw sludge in the hold- 
ing tanks and require later double- or triple-shift operation of the Purifax system to empty storage 
and compensate for incurred downtime. With only approximately 11 days of raw sludge storage avail- 
able, repair of such failures is very urgent. This is often complicated by the necessary of obtaining 


certain proprietary parts from the manufacturer’s outlet on the East Coast. 


The availability of only one Purifax oxidation system at the plant poses a serious reliability con- 


straint to future plant operations. As cited in the origina! Facilities P'an, the acquisition of an additional 
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similar unit should be contemplated at least by the year 1985. This is necessary to handle increased 
wastewater and subsequent sludge loads in the future. It is further mandated to provide adequate 
backup capability to the existing unit in the event of a failure. The iatter consideration is accentuated 
by the somewhat failure-prone past performance of the existing system. The operator attention 
required by the Purifax unit when processing sludge precludes the option of around-the-clock opera- 
tion of the existing unit to meet future increased demands without increasing plant staff. Obviously, 
24-hour-per-day operation would not allow any backup capability, and would also be likely to 


increase the frequency of equipment failures. 


A significant part of the performance evaluation of the Purifax unit is related to the chemical 
analyses associated with the testing program implemented as a part of this study. The evaluation of 


these results as they pertain to the oxidation process are reported in a following section (p.19 ). 


c. Sludge Drying Lagoons 
Upon discharge from the Purifax equipment, processed sludge is conveyed by an under- 

ground piping system to a network of ten diked drying lagoons. Sludge has typically been deposited 
in the beds to a depth of several feet, the level of which subsides due to evaporation and percolation 
of the associated liquid. Recent improvements have been implemented to increase the area of 
available lagoon space from approximately five acres to more than eleven acres. The system is cur- 
rently comprised of ten individual cells, allowing good flexibility in the operation. Of the ten cells, 
nine are designated for direct receipt of siudge, with the additional lagoon serving as a receiving point 
for subnatent drained from the other cells. The transfer of supernatent is done on occasion to pro- 
mote rapid percolation of relatively solids-free liquid and thus reduce the opportunity for the genera- 
tion of offensive odors. This practice, however, has proven to be troublesome due to the use of port- 
able pumping equipment, and the positive effects have been minimal. The recent addition of sand 
liners in the lagoons, coupled with a reduced depth of sludge deposition, have been somewhat success- 
ful in promoting expedient dewatering operations. The experimental addition of a PVC piped under- 
drain system in the sand liner of one lagoon cell has demonstrated improved effects on dewatering 
time due to continual removal of percolating water, thus preventing flow impedance by saturation 
of the underlying soil strata. This trial installation would suggest, in conjunction with the continued 
operation of the existing lagoon dewatering system, complete underdrain systems for all lagoon cells 
directly receiving sludge as being of benefit. The underflow contribution from each of these individ- 
ual cell systems could be piped to one or two specialized receiving cells designated exclusively for 


lagoon subnatent, or recycled through the plant. 
The lagoon dewatering system has been the focal point for much of the recent controversy 
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regarding the generation of odors offensive to nearby residents. The nature of such a lagoon system 
depends to a large extent on the exposed surface area at which evaporation occurs. This also affords 
a great opportunity for volatile and odorous materials to enter the airspace and be conveyed by pre- 
vailing winds. The odor of freshly Purifaxed sludge as discharged to the lagoons is not purported by 
the equipment manufacturer to be offensive. However, public experience, particularly during the 
summer of 1979, has proven to the contrary. Residents and passers-by within more than a two-mile 
radius of the treatment plant have repeatedly complained about dissemination of putrid odors from 
the facility. Depending on prevailing air currents various adjacent residential and commercial dis- 


tricts have been afflicted. 


Investigations and public experience have pinpointed the dewatering lagoons as the opri- 
mary odor source. Other odor sources are undoubtedly present in association with the wastewater 
liquid treatment process; however, the unique, readily identifiable odor of Purifaxed sludge leaves 
little doubt that the probiem ultimately rests with the lagoon system. Due to a rash of inopportune 
maintenance problems early in 1979, a large volume of sludge was stockpiled in the holding tanks 
and received only marginal oxidation treatment through the Purifax unit. When this improperly 
handled sludge was deposited in three of the lagoon cells, it was suggested that bacterial decay re- 
sumed rapidly, and reputrescence of the sludge was the cause of the summer’s odor offense. Once 
these beds dried and the solid residue was landfilled, however, offensive odors and complaints thereof 
recurred periodically. !t is possible that subsequent odor generation was less intense; however, public 


reaction established that the situation continued to be unsatisfactory. 


It also became obvious from day-to-day contact with both freshly Purifaxed sludge and 
lagooned materials during the course of the analytical testing program that the characteristic Puri- 
fax odor has little relationship to lagoon residence. Freshly processed material obtained directly from 
the unit at optimal operation exudes the same odor that has permeated adjacent residential areas 
and caused public outcry. Lagoons receiving properly stabilized sludge demonstrate similar odor gen- 


eration, and reported differences in odor are largely a matter of degree. 


Much of the odor controversy reduces to a matter of conflicting land uses forced into 
uncomfortably close proximity. Conventional wastewater treatment and sludge stabilization inher- 
ently results in the generation and dissemination of certain offensive odors. At the time the Helena 
treatment plant was originally located, it was adequately distant from any residential or commercial 
development. However, as urban sprawl penetrated the Helena Valley, the facility has become almost 
encircled with development, and the spatial buffer zone has been drastically reduced. Thus the distri- 


bution of any offensive odors is almost immediately sensed. The problem becomes especially acute 
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during summer months when house windows are open and outdoor activity is highest. Winter freeze- 
up of the dewatering lagoons reduces and on occasion eliminates odor release due to an effective ice 


seal of the lagoon contents. 


Odor generation is related largely to the presence of liquid in conjunction with the sludge 
solids in the lagoons. Once the sludge solids have completely dried, widespread odors decline significant- 
ly. This aspect of the problem was the impetus for the installation of sand liners and the one-cell un- 
derdrain system in the lagoons to promote rapid dewatering. As reported by the Purifax manufacturer, 
the oxidation process causes siudge solids to initially float due to therelease of gas bubbles from the 
depressurized solution. The floating phenomonon is only transient, and solids settle to the bottom of 
a lagoon within hours. This forms a gelatinous solids mass across the jagoon floor and significantly 
impedes the further passage of percolating liquid. When employed, the transfer of lagoon supernatent 
to a special lagoon cell set aside for this exclusive purpose has circumvented this problem to a degree, 


but had little odor-reducing impact. 
Performance characteristics of the lagoon dewatering system are reported in a later section (p.21). 


d. Sludge Landfill 
The landfill used as a final repository for dewatered sludge solids has experienced minimal 
known operational problems. The present 40-acre site has a projected life adequate throughout the 
planning period under present operational procedures. !ncreased interest in potential leachate con- 
tamination to underlying groundwater has prompted the installation of a significant number 
of additional monitoring wells in and around the site with comprehensive water quality analyses to 
be performed quarterly. This will enable close scrutiny of environmental hazards, and will allow ex- 


pedient changes in present practices, should they be required. 


Although no information is directly available concerning leachates from this site, the chem- 
ical content of the solids fraction of the sludge as documented in conjunction with the analytical 
testing program report indicates that strict monitoring is advisable. The clay loam soils interbedded 
with sands and gravels at the site constitute a relatively well-drained soi] matrix. Thus percolating 
precipitation in contact with the dried solids could conceivably generate chemically diverse leachates. 
Proper landfill practices and surface maintenance are mandatory to promote rapid overland drainage 


of the immediate area and minimize infiltration opportunities. 


e. Analytical Testing Program 


The analytical testing program implemented as part of this study was divided into four 
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sections: 1) general chemical analyses of various components of the wastewater and associated solids 
streams to assay specific significant metals, other ions and organic load parameters; 2) volatile organ- 
ics analysis of Purifaxed sludge for odor-causing compounds; 3) monitoring the level of free chlorine 
residual and liquid stage in a recently filled lagoon cell; and 4) activated carbon batch tests for odor 


control. The tabulated results appear in the following respective appendices: 


Appendix 2: Description of Analytical Testing Program and Results of General 
Chemical Analyses 

Appendix 3: Results of Volatile Organics Analysis 

Appendix 4: Results of Lagoon Stage and Free Chlorine Residual Monitoring 

Appendix 5: Results of Activated Carbon Batch Tests 


An evaluation of these results follows. 


Heavy metals concentrations demonstrated to occur in the raw sludge are comparatively 
high, particularly for some of the more troublesome species. This is somewhat surprising in light of 
the absence of extensive industrial waste contributions in the Helena area. Zinc and copper appear 
in by far the greatest concentrations, in the range of 50 ppm each. Both of these metals are essential 
dietary elements for humans and animals at trace levels; however, higher dosages can be toxic. 
Toxic properties of both metals when found in water are inversely related to the hardness of the 


water, due to the formation of a less harmful complex between the metais and hardness-causing ions. 


The levels of nickel, chromium (total), lead and cadmium are also high in the raw sludge, 
although their absolute concentrations as compared to those of zinc and copper are much lower. 
Due to the inherent properties of various heavy metals and the mechanisms by which they exhibit 
toxic effects toward living organisms, what is deemed a noteworthy concentration of one species is 
not necessarily so for another. The presence of cadmium is especially significant due to current EPA 
guidelines stipulating that concentrations of this element directly govern allowable applications of 
sludge to land disposal systems (ref. Federal Register 44:179, Sept. 13, 1979). In anticipation of the 
occurence of heavy metals in the sludge stream, samples of raw wastewater were also analyzed from 
the three major sewer trunk lines serving the municipal area. These results showed the contribution 
from one trunk (Harris Street) to contain appreciably higher metals concentrations by factors ranging 
from 50 to 400 percent. This trunk services the only industrial contributors in the service area that 
conceivably could be discharging wastes containing high heavy metals concentrations. While the de- 
tection limits of the atomic adsorption spectroscopy techniques used for these metals assays were 
exceeded for cadmium, chromium, mercury and nickel in these trunk line samples, the trend is ob- 


vious from the results obtained for lead, copper and zinc. Three grab samples obtained on a Tuesday 
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(3:00 p.m.), Friday (noon) and Monday (5:30 a.m.) were composited for each trunk line in an at- 
tempt to include any irregular sludge discharges to the collection system. Results of these analyses 
are somewhat tentative, but indications are adequate to justify additional monitoring of heavy metals 
contributions along this trunk line. The issue is critical due to the controlling nature of cadmium con- 


tent to allowable sludge application in land disposal systems. 


An additional source suggested for the presence of high metals concentrations in the waste- 
water is their introduction through the municipal water supply or domestic uses thereof. Analyses on 
file with the Water Quality Bureau of local supply sources indicate that the potable local supply con- 
tains little or no detectable concentrations of the metals of concern. This was expected in light of 
state and federal water quality standards. A further possibility does exist, however, that with respect 
to zinc, copper and lead, domestic water piping and the occurence of a limited number of copper 
sewer service connections in the municipal service area are contributing these metals to the waste- 
water stream. The corrosive environment often present in sewer pipes could induce significant dis- 
solution of such metals. The City has replaced the majority of such old sewer services; however, they 
acknowledge that an unknown number are still in use. It is doubtful, nonetheless, particularly in 
light of the preponderance of metals occuring in only one of the three central trunk lines, that contri- 


butions of metals from domestic sources are of major significance. 


Additional heavy metals analyses of sludge freshly processed through the Purifax system 
indicate approximately a 25 percent reduction for each species. There is nothing about the chlorine 
oxidation process nor other conventional sludge treatment processes that would actually reduce the 
total amount of metals present. However, the low pH conditions of the Purifax process would tend 
to dissolve an appreciable fraction of any metals found in a solid phase or in conjunction with sludge 
solids. Thus dissolved metals could be anticipated to increase, relatively speaking, and suspended me- 
tals could be expected to decline. The analytical procedure employed involved a laboratory digestion 
of each sample to force all metals present into their dissolved phases to facilitate quantification. The 
phase shift induced by Purifax treatment most likely altered the amenability to detection of a certain 
fraction of each metal present. Thus the apparent decrease in metals concentrations caused by Puri- 


faxing is presumed nonexistent, and is attributed to experimental detection error. 


Lagoon underdrain water analyzed demonstrated consistency with the preceding conclu- 
sion. Of the cadmium, copper, nickel and zinc concentrations present in the freshly processed mater- 
ial, more than 50 percent was detected !eaving the lagoon system through the relatively solids-free 
underdrain water. This indicates a high fraction of each of these species was solubilized, and remained 
so. The same was not true of lead, mercury and chromium, but their comparatively low solubility 
explains this. Manganese was substantially increased in the underdrain water, but this element is rela- 


tively innocuous, and its occurence is likely related to a soils leaching phenomenon. 
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PLATE 9: Purifax machinery showing two reactors and sampling pipe (arrow) 
to obtain freshly processed sludge; samples of freshly Purifaxed sludge were 
obtained at this point. 


PLATE 10: Sludge drying lagoon receiving underdrain piping effluent from ad- 
jacent lagoon; note PVC underdrain outlet pipe in foreground; samples of un- 
derdrain water obtained at this point. 


oy PLATES 9 & 10 


A question is raised, however, regarding the groundwater contamination hazard posed by 
the demonstrated presence of cadmium, copper, nickel and zinc. It can be assumed that water dis- 
charged from the lagoon underdrain system (Plate 10) is representative of that free to percolate into 
the underlying soil strata. Fortunately, the cation exchange capacity for soils in the area is reportedly 
high, based on local Soil Conservation Service tests. Thus metals, typically occuring as cations, are 
likely to be assimilated in significant quantity by the soil particles as they pass through. This substan- 
tially reduces the possibility of groundwater contamination. A further safeguard is afforded by the 
fact that of all the heavy metals demonstrated to be present in the underdrain water sample, none of 
the concentrations present would require dilution in the groundwater by a factor larger than 100 to 
bring them into compliance with EPA guideline criteria for potable water! Thus the concentrations, 


while relatively high in themselves, do not pose a serious direct environmental hazard. 


The issue of excessive chlorides discharged to the environment has been raised in conjunc- 
tion with the Purifax system, and was investigated. Analyses on file with the Water Quality Bureau 
obtained in 1978 and 1979 on supernatent from sludge lagoons indicate that chlorides are indeed 
high. Due to the high solubility of such anions, the bulk of their occurence would be anticipated in 
conjunction with the liquid fraction of the processed sludge, and the results of their analyses are 
valid. The nature of the chlorine oxidation process allows great potential for chloride creation, and 
municipal sludge is known to contain significant concentrations even in its raw state. The levels de- 
monstrated in the lagoon supernatent, while high, do not constitute an environmental hazard under 
present methods of operation and disposal. The most important ramification of these results is the 
limitation posed to a land disposal system that would utilize soil incorporation. A high chloride waste 
such as the Purifaxed sludge, when incorporated into the soil, would increase soil salt content to an 
undesirable level for beneficial agricultural uses. Obviously, the acidic pH tendencies of the processed 
sludge also preclude direct incorporation without some sort of remedial buffering treatment such as 


lime addition. 


Nitrogen assays performed as a part of this analytical testing program suggest several inter- 
esting conclusions. The question of nitrate contamination of groundwater aquifers from Purifaxed 
sludge dewatering and disposal activities has been raised in the midst of the public odor controversy. 
Ammonia nitrogen, which is a common and significant constituent of human and thus municipal 
waste, is apparently oxidized to a degree by the Purifax oxidation process, as would be expected. 
Ammonia nitrogen concentrations decreased through the Purifax process by approximately 25 per- 
cent. This was reflected in a corresponding increase of nitrite plus nitrate concentrations of greater 
than 15 times. The difference in percentage decrease of the former and the percentage increase of 
the latter is attributable to comparative molecular structures of the two nitrogen compounds involved 


in the oxidation reaction. The nitrates in the lagoon supernatent, however, are low enough as to 
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pose no direct hazard. Most nitrate present in the processed sludge wouid be in the liquid fraction 
due to its high solubility. Whether additional significant nitrate concentrations are being released in 
leachates from the dried solids landfill is uncertain at this time, but should become obvious through 
the test wel! monitoring program implemented in conjunction with Hydrometrics. The substantial 

_ organic nitrogen available in the Purifaxed sludge as reflected by its high Total Kjeldahl! Nitrogen 
(TKN) suggests that adequate nitrogen remains in the solids fraction. Once landfilled, however, the 
opportunities for nitrate formation which requires oxygen and bacterial action for the oxidative pro- 


cess are reduced. 


A volatile organics analysis was performed on freshly Purifaxed sludge to attempt to pin- 
point the odor-causing compound(s) based on the assumption that the problem ultimately involved 
creation of a quickly volatizing, readily dispersing product in the process. From this standpoint the 
analysis was unsuccessful. Despite the identification of numerous volatile organics in the sample, their 
chemical complexity and unfamiliarity prevented the determination of any of them as the cause of 
the troublesome odor. The Purifax odor is a chlorine-suggestive one, and a number of the volatile 
organics identified have obviously been substituted with chlorine by the process. However, the hu- 
man nose surpasses the sensitivity of the analytical equipment utilized many times over. Thus while 
one of the compounds identified may be at the root of the problem, there is an even greater proba- 
bility that the compound(s) responsible are present at a level that escapes detection. This was the 
basis for a subsequent recommendation by Lauck’s Laboratory that a large volume of air directly 
above a filled lagoon be pre-concentrated for further analysis. This is an option that the City might 


want to pursue, should the odor problem continue. 


A further possibility that is not addressable directly without the expenditure of signifi- 
cant time and money is that the odor lies with what is considered to be a non-volatile compound. 
The designation of ’volatile’’ in organic chemistry is a very relative one, and the human nose is sensi- 
tive to numerous materials that do not bear this label. The results of a partial characterization study 
of organics in superchlorinated sludges performed by the EPA in 1978 (EPA - 600/2-78-020) were 
thoroughly evaluated for non-volatile compounds that might cause the unique odor. No success was 
obtained, again due to the chemical complexity and unfamiliarity of the materials identified. Recog- 
nizing the odorous nature of phenolic compounds and their demonstrated occurence in the afore- 
mentioned study, laboratory samples of two chlorinated phenols were obtained and screened. How- 


ever, while odorous, this class of compounds obviously is not causing the controversial odor. 
A noteworthy sidelight to the volatile organics analysis of the Purifaxed sludge was the 


demonstrated presence of several EPA-designated Priority Pollutants. While concentrations detected 


were all well within EPA tentative standards for disposal or discharge, it is evident that certain highly 
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toxic substances are present in the processed sludge. The presence of chlorine in several of these com- 
pounds leaves little doubt that their formation is directly related to the Purifax process. Certain of 
these compounds are suspected carcinogens, but unfortunately definitive criteria are not yet available 
from the EPA regarding creation or disposal of any of the Priority Pollutants. An intensive research 
program has been underway for the past two years to develop standards in this regard, and final con- 
clusions are anticipated late in 1980. Guidelines published in 1979 are only tentative, and have been 
published for public comment. By nature, 65 compounds have been designated as Priority Pollutants 
due to their alleged highly toxic potential. Priority Pollutants are not necessarily organic chemicals; 
the heavy metal, cadmium, bears this designation also, and is furthermore being investigated for car- 


cinogenic potential. 


It should also be noted that of the 65 Priority Pollutants cited, a small majority are volatile or- 
ganic compounds; the majority are non-volatile. A complete, although expensive, analysis is available 
from independent laboratories for the full spectrum of Priority Pollutants. This is an option worth 
considering if the present system of sludge treatment and disposal is to be continued. Despite the om- 
inous picture presented of the Priority Pollutant compounds, it is also noteworthy that these same 


substances are present in trace quantities in most surface watercourses on the continent. 


Enough questions have been raised regarding the environmental ramifications of disposal 
of superchlorinated municipal sludges, particularly with respect to the creation of Priority Pollutants, 
that the EPA has implemented an intensive research program regarding this stabilization method. The 
results of this investigation should be available late in 1980, and are expected to contain a definitive 


position, either favorable or unfavorable, by the agency on the future of the process. 


An additional aspect of the analytical testing program involved the monitoring of free 
chlorine residual and liquid depth in an individual lagoon cell immediately after filling operations 
ceased. It should be noted that a permanent ice cover formed on the lagoon cell approximately ten 
days after this phase of the program began. This was inopportune, and obviously biased results of 
both parameters due to the elimination of opportunity for free chlorine dissipation or liquid evapora- 
tion to continue at the liquid/air interface. The results of this monitoring program are plotted in 
Figure 3 .. The disappearance of free chlorine progressed steadily and was essentially complete with- 
in 30 days. This is consistent with results reported by the Purifax equipment manufacturer, and would 
be expected as oxidation of remaining organic material continued within the lagoon. The residual 
remains sufficiently high, however, to preclude the resumption of bacterial decay for at least a one- 
month period. This substantiates the premise that the inherent odor of the processed sludge is not 
biologically related, and further suggests that optimum dewatering time for a lagoon cell is on the 


order of one month. Otherwise the risk of further decay could be presumed, with the inevitable 
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creation of additional, although probably different, noxious odors. 


The presence of a surface ice seal appeared to have negligible effect on the decline of the 
free chlorine residual in the cell, although a definite effect was discernible in the rate of liquid state 
subsistence. At the initial rate of stage decline before freezeup, liquid level dropped approximately 
two inches in ten days. At such a rate, only a six-inch sludge application per lagoon cell would be al- 
lowable to achieve complete dewatering within one month. No supernatent was pumped from the 
monitored ceil throughout the program; however, it was obvious that settled solids formed an ef- 


fective seal at the bottom of the cell and undoubtedly severely impeded liquid passage. 


Due to the inability of any chemical anlyses to pinpoint the odor-causing compound(s) in 
the Purifaxed sludge, a remedial approach to the odor problem was investigated. Recognizing the 
odor-absorbing properties of activated carbon, a series of batch tests were performed using powdered 
activated carbon to attempt attenuation of the odor once created, if possible. The results of the 
tests were successful; however, from a cost standpoint the process would not be economically attrac- 
tive. It was found that a dosage of one percent by weight drastically reduced odor emission, resulting 
in a relatively innocuous product. Application of four percent by weight completely eliminated all 
odors from the solution. At the current market delivered price of $.25 per pound, the daily cost of 
a one percent additive would be in excess of $1,000, if the carbon were to be wasted. Provisions 
for reclamation and regeneration of the carbon would be very capital- and operation-intensive, and 


not practical for the Helena facility. 


While preciuded as a practical continual measure, powdered activated carbon addition could 
provide a viable crisis control measure if a particular lagoon cell(s) was pinpointed as causing an odor 
problem. Such an occurence was suggested in conjunction with the dewatering of improperly stabilized 
sludge during the spring of 1979. In such an event, carbon could be applied to the surface of the 
troublesome cell where it would tend to float. A blanket could be created across the lagoon cell sur- 
face creating a filtering barrier to absorb the odors on release. The dosage applied could be well be- 
low the one percent level; the quantity required would only be adequate to create an uninterrupted 
blanket a few tenths of an inch thick. On this scale of application the activated carbon process could 


have some definite merit. 


4. History of Controversy Involving Current Solids Management Practice 
A somewhat extensive history of controversy has surrounded current solids management 
practices at the Helena facility, and on occasion legal proceedings have evolved. Numerous press ac- 
counts have documented the public outcry against the odor offense. Additionally, an article contained 


in a recent journal (ref. “’Sludge’’ Magazine, October 1979) contained a castigating review of sludge 
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superchlorination processes. This somewhat one-sided presentation is to be rebutted by the Purifax 


equipment manufacturer in the February issue of the same journal. 


On a local scale, the public controversy has precipitated two separate !egal proceedings in 
the past year. In mid-1979 a civil suit was filed in Justice of the Peace court against the City Manager 
alleging public nuisance. The case was initially decided in favor of the plaintiff, but is currently being 
contested. On December 28, 1979, a Notice of Violation and Order to Take Corrective Action was 
served to the City by the Montana Department of Health and Environmental Sciences citing infraction 
of Rule 16-2.14(1) - S1480(1) of the Administrative Rules of Montana governing control of odors. 


This notice appears in Appendix 6 and mandates compliance deadlines for odor abatement. 


It is noteworthy that the City of Kalispell, Montana, employed a similar Purifax sludge 
stabilization procedure utilizing a lagoon dewatering system. Very similar odor problems were en- 
countered, and a decision was made in 1979 to change to a different stabilization technique. Municipal 
sludges exhibit enough site-specific variation to make parallels between the two situations impossible; 


however, the generation of offensive odors are common to both. 
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CHAPTER III 


Recommendations 


CHAPTER til 
RECOMMENDATIONS 


A. FUTURE SOLIDS FLOW AND LOAD FORECAST 


As documented in the original Facilities Plan, wastewater flows in the planning area are an- 
ticipated to increase from the present level of 3.2 mgd to approximately 6 mgd. !t is expected that 
sludge volumes will increase correspondingly; by the year 2000, daily sludge processed will approach 
100,000 gpd. The solids content and other characteristics of the future sludge flow are very treat- 
ment-dependent; however, no radical changes in existing liquid treatment processes are anticipated. 


Thus the sludge stream should remain relatively constant. 


The recommended addition of a new primary clarifier wil! have the greatest impact, improv- 
ing solids capture and resulting in a possible solids concentration increase in the primary sludge due 
to elimination of the present primary facilities overload. This could have a minor impact on the sec- 
ondary processes involving the ABF tower and aeration basin, but the net effect to secondary sludge 
production and/or character will be minimal. Addition of surface skimmers to the twin final clarifiers 
will capture additional floatable solids; however, the relative volume of this contribution would be 
insignificant. The addition of waste-activated (secondary) sludge dewatering equipment is a possibility 
in conjunction with revisions to the existing sludge handling system. Such a measure would obviously 
promote a significant rise in solids concentration and a corresponding decrease in total volume of 


waste-activated sludge to be ultimately stabilized. 


Organic and chemical characteristics of the raw sludge stream generated including COD and 
nitrogen content will remain essentially unchanged. Heavy metals concentrations will likely remain 
unless future investigations reveal an industrial discharge that is in violation of pretreatment standards. 
In such an event, the party in violation could be legally constrained to implement on-site pretreatment 


for reduction of heavy metals in its wastewater discharges to the municipal system. 


B. CONSTRAINTS TO SELECTION OF A SLUDGE HANDLING PLAN 
Several important constraints must be recognized in the ultimate selection and recommen- 


dation of a sludge handling plan for the Helena Wastewater Treatment Plant. These are general fixed 
considerations that must be satisfied by the implementation of any selected plan in order to assure 


overall success. These can be categorized as follows: 


i. Legal: The City is presently faced with a Notice of Violation of state law and a sub- 
sequent Order of Compliance. Obviously, satisfaction of these mandates is of primary and immediate 
significance. Strict deadlines must be met, and this could require the temporary adoption of an in- 


terim plan for solids management to afford time for implementation of permanent measures to serve 
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for the balance of the planning period. Any management plan, whether temporary or permanent, 
must comply with all locai, state and federal regulations and programs applicable. Of particular signif- 
icance are the Federal Clean Water Act (PL 92-500), the National Environmental Policy Act, the Na- 
tional Pollutant Discharge Elimination System program, and state air and water quality standards as 


administered by the Montana Department of Health and Environmental Sciences. 


ii. Environmental Quality: As legally substantiated by many of the aforementioned reg- 
ulations, any solids management plan implemented should provide adequate safeguards to the quality 
of the environment. Air quality must be maintained against the generation of both odors and other, 
less readily detectable contaminants. The quality of both surface waters and groundwater must be 
safeguarded. Soil conditions must not be adversely jeopardized. This is particularly critical in light 
of the widespread agriculture in the Helena Valley. The soils in the area are somewhat unique due to 
their high alkalinity and high cation exchange capacity, and any sludge disposal technique using the 


soil as a repository should be designed to be consistent with these parameters. 


iii. Economics: A system to be adopted should be economically practical and consistent 
with available funding. It should reflect the least cost option of those considered that meet all other 
applicable constraints. This is to include capital as well as operation and maintenance and energy cost 


considerations. Additional revenue generating capability will be required of the City. 


iv. Practicality: Ease of operation and system reliability are to be optimized. Recognition 
of operator capabilities and supportive services available must be made. Maintenance intensity is to 


be minimized. 


Suggested alternatives can be evaluated for compliance with these criteria, and the optimal alternative 


can be selected. 


C. ORIGINAL ALTERNATIVES 
Contained in the original Facilities Plan were six alternatives for wastewater solids manage- 


ment. These are briefly summarized as follows: 


Alternative No. 1: This alternative is basically a continuation of the existing sludge handling system 
utilizing the existing Purifax oxidation system in conjunction with lagoon dewatering and solids land- 
fill. An additional Purifax unit would be required in 1985 to handle increased flows and provide back- 


up capability. 


Alternative No. 2: This alternative continues use of the Purifax system and provides for acquisition 


of an additional unit in 1985. During the summertime the sludge will be neutralized by additions of 
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lime and will be pumped through buried pipeline to an injection site assumed to be located on City- 
owned land within two miles of the treatment plant. At the injection site the sludge will travel through 
a flexible hose attached to an injector unit carried by a small crawler tractor which will incorporate 

it into the soil. In the winter when the injection site is frozen, the sludge will be held in lagoons at 

the plant site providing six months’ storage until springtime when it will be neutralized by lime and 
pumped by dredge to the injection site. A building will be provided at the treatment plant to house 


lime storage and feed equipment and pumps. 


Alternative No. 3: This alternative again retains the existing Purifax unit and adds a second unit in 
1985. Sludge discharged from these units would be neutralized and conditioned with lime and polymer 
or ferric chloride. It would then be thickened by centrifugation and dewatered using a belt filter. 
Filtered solids would be hauled to a landfill in covered ’’dumpsters’’. A building would be provided 


to house the dewatering equipment and dumpsters, in addition to chemical storage and feed facilities. 


Alternative No. 4: This alternative would discontinue use of the Purifax stabilization system. Two 
new high-rate primary digesters 50 feet in diameter with a 25-foot sidewall depth, and a digester con- 
trol building would be added. The existing sludge holding tanks, assumed to be structurally adequate, 
would be fitted with gas holder covers and convereted to secondary digesters. Provisions for decanting 
from the secondary digesters would be added. Waste-activated sludge would be thickened by centri- 
fuges from approximately 0.8 percent solids to about four percent solids prior to digestion. Centrifuges 


could be housed in the new digester building or in the existing Purifax building. 


The digested sludge would be applied to land by subsurface injection as described in Alternative No. 2 


except that chemical neutralization of the sludge would not be required. 


Alternative No. 5: This alternative calls for anaerobic digestion of the sludge as in Alternative No.4. 
Instead of subsurface injection, this alternative calls for mechanical dewatering of the sludge and 
hauling to a landfill in dumpsters. A polymer feed system would be used to condition the sludge be- 
fore it is applied to a belt filter press. As in Alternative No. 3, a building would be provided to house 


the dewatering equipment and dumpsters. 


Alternative No.6; This alternative would discontinue use of the Purifax unit and lagoons. Sludge 
would be treated with sufficient amounts of lime to raise the pH to 11.0 or more. This could be done 
in the existing sludge holding tanks. Treated sludge would be held for several hours to provide an ef- 
fective stabilization. Sludge pumps would recirculate the tank contents to provide mixing. Waste- 


activated sludge would be thickened before the lime stabilization process by centrifuges from 0.8 
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percent solids to about four percent solids. After the high lime treatment, the sludge would be de- 
watered on belt presses as in Alternative No. 3. A building would be provided to house lime storage, 
lime feed equipment, dewatering equipment, and dumpsters which would be used to haul dewatered 


sludge to the landfill. 


The cost comparison for these alternatives as contained in the original Facilities Plan is tabulated in 
Table 3. It is important to note that these costs as they appear are presented in 1978 dollars, and re- 
flect capital and operational and maintenance costs for that year. Significant inflationary increases 
have occured since that time and invalidate these figures for the present year. The costs shown are 


representative for the purpose of comparison of these six alternatives to one another only. 


Due to the recent draft publication of the Comprehensive Solid Waste Management Plan for South- 
west Montana Solid Waste Planning Area (including the Helena Valley) authored by Barry Damschen 
of Robert Peccia & Associates in July, 1979, another alternative has come under consideration since 


publication of the original Facilities Plan. This alternative is summarized as follows: 


Alternative No. 7: This alternative would utilize co-incineration of wastewater sludge with munici- 
pal refuse at a central energy recovery facility located at the Fort Harrison Veterans’ Administration 
Hospital west of Helena. This alternative would be entirely contingent on construction at the hos- 
pital of the solid waste incineration facility which is only a possibility at this time. Wastewater sludge 
would be digested in single-stage, high-rate anaerobic digesters utilizing the existing sludge holding 
tanks. Waste-activated sludge would be centrifuged prior to digestion, and digested sludge would be 
dewatered on belt presses for truck transport to the co-incineration facility. At the hospital site, a 
rotary drier would further dry the sludge to powdered residue utilizing heat derived from excess steam 
generated by the incinerators. The dry sludge would then be fed to the incinerators in combination 


with municipal refuse. 


These seven alternatives have been re-evaluated, and the recommendation has been made to continue 
Alternative No. 1 on an evaluative, short-term basis. An interim contingency plan has been developed 
and a replacement plan utilizing the process recommended in Alternative No. 4 with minor modifica- 
tions has been recommended, should abandonment of the existing system become necessary. Alternative 


No. 7 has been developed in detail since it was not included in the original Facilities Plan. 


D. RECOMMENDATIONS 
1. General Recommendations 
The results of this study justify the following recommendations regarding wastewater solids 


Management practices at the Helena Treatment Plant: 
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i. Continue present operation of the existing Purifax and associated lagoons and landfill un- 
til it can be conclusively determined if improved operation and maintenance of the overall system is 


successful. This should become evident by July, 1980. 


ii. Proceed immediately with implementation of the recommended interim sludge management 
plan. This is to include the acquisition of sludge injection equipment, operational capability for that 
equipment and the necessary permits and legal license for the emergency land injection of raw sludge. 


This practice is to be implemented in the immediate event of future odor problems. 


iil. In or before July, 1980, the success of the improved operation of the Purifax system shall be 


evaluated and a final decision will be made as to its abandonment or continued use. 


iv. Should abandonment of the Purifax system result, implementation of the recommended 
alternate permanent plan (a modification of Alternative No. 4) shall follow. This will involve design and 


construction of the necessary additional facilities. 


This progression is outlined in Figure 4, and necessarily will require close scrutiny and frequent eval- 


uation on the part of both the City and the Montana Department of Health and Environmental Sciences. 


Excellent justification exists for these recommendations. The existing solids handling 
system, and in particular the Purifax unit and associated dewatering lagoons, have been plagued with 
maintenance and operational problems. Recognizing the capital investment involved in these facilities 
plus the recent significant expenditures for correction of operational problems, it is well warranted to 
allow an adequate opportunity to evaluate the success of the latest improvements. By virtue of the 
implementation of an interim plan on a standby basis, any resumption of the odor problems of the 
past will be remedied instantaneously. Should the existing system demonstrate failure on or before 
July, 1980, the interim plan allows innocuous sludge disposal until facilities required for the recom- 
mended plan can be constructed and put on line. Compliance with the recent Notice of Violation is 


afforded in any event. 


2. Recommended Interim Plan 
In view of the mandates of the Notice of Violation and Order to Take Corrective Action 
served to the City by the Montana Department of Health and Environmental Sciences, a guarantee is 
necessary that offensive odors will not be disseminated from the Helena Treatment Facility in the 
future. It is impossible to definitively determine at this time whether or not this will be the case. In- 


dications of the analytical testing program employed in this study suggest a strong likelihood that 
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odors will continue to occur, aithough possibly at reduced or less offensive intensities. Future public 
input will ultimately have a decisive effect. Recognizing the investments in the present system and 

past operational problems, evidence is not conclusive enough to unequivocally disqualify the existing 
system from consideration. However, an interim pian is necessary to safeguard against future odor in- 


fractions if the existing system is to be continued. This interim plan includes the following provisions: 


A mobile truck-type sludge injection vehicle with adequate on-board tankage would be immediately 
acquired. Such units are available from a number of manufacturers on a purchase, lease or lease/ 


purhcase basis. Manufacturers include: 


Rickel Manufacturing Corporation, Salina, Kansas (4wd unit w/3,500 gal. tank @ $120,000) 

Ag-Chem Equipment Company, Minneapolis, Minnesota (4wd unit w/3,800 gal. tank @ 
$105,000) 

Big Wheels Company, Paxton, Illinois (2wd unit w/1,600 gal. tank @ $65,000) 


An additional unit is available from the Briscoe Maphis Company (crawler tractor @ $90,000) but has 
no on-board tankage and requires the support services of a nurse tanker. Lease options available for 

any of these vehicles are prohibitively high for the short-term requirements of an interim contingency 
plan. Thus it is recommended that the City proceed with purchase of one of the machines; high resale 


value can be anticipated, and net costs would be minimized. 


Such a vehicle would be directly usable as part of the recommended alternate permanent plan 
(a modified version of Alternative No. 4), and if the Purifax system were to be abandoned, the vehicle 
would be retained. Should the Purifax system be retained indefinitely under the present operational 


mode, the injection vehicle would be retained as a backup. 


A suitable loading port for the injection vehicle would be immediately constructed at the existing 
Sludge Oxidation Building along the influent piping for the raw sludge. This would enable direct ve- 
hicle hookup to take on raw sludge, should the interim plan be put into service. Raw sludge could 
then be transported by the vehicle to the 40-acre City-owned plot currently utilized for dried solids 
landfilling operations. Here sludge would be injected into the soil at a depth of six to twelve inches 
during frost-free months. Once adequate frost buildup in the ground occured, the sludge could be 
either surface-applied, utilizing the usual low-level spray equipment that comes with injector vehicles, 
or routed through the Purifax system for treatment and discharged to the existing lagoons. The sur- 
face application option would be the most desirable since the spring thawing of Purifaxed sludge in 
the lagoons would likely cause some additional odor problems. The Montana Water Quality Bureau 


has tentatively indicated a willingness to further consider the winter spray option. Odor problems are 
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nonexistent with injection due to the earth cover afforded. Winter spraying would minimize odor 

creation through instantaneous freeze-up of the sludge spray, and/or expedient adsorption onto vege- 
tative stubble of the ground surface. A further precaution can be provided by a spring injector appli- 
cation over a winter spray site which works the soil to promote incorporation of the previous surface 


application. 


Should the winter spray application of raw sludge on an interim basis prove unfeasible, the exist- 
ing Purifax system and drying lagoons could alternatively be used. During the months of prolonged 
freezing temperatures the odor nuisance is drastically reduced. Lagoon contents are quickly frozen, 
and few odor complaints have been received. Offensive odors are generally restricted to midwinter 
thaw periods when the surface layer of filled cells tends to temporarily liquify. By using the Purifax 
system only during the winter months, a much lower volume of sludge would need to be dewatered 
in the existing lagoons, approximately four months’ accumulation in lieu of the usual twelve month 
load. Thus the depth of application could be held to less than one foot, and dewatering in the spring 
would be much more expedient. Odors would be of a much shorter duration, and if severe could be 


controlled with activated carbon applications as discussed on the following page. 
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With the injection or land application of raw sludge, public access to the site utilized is required 
to be closed, and runoff of surface water is to be minimized. Thus the flat and remote, access-restricted 
A4QO-acre parcel suggested would be ideal. This site is described in detail in the following section (p. 36). 
The available 40 acres would withstand application for approximately two years based on cadmium-loading 


criteria, which is well in excess of the time for which the interim plan would be employed. 


Sludge could be applied at a rate of up to 500,000 gallons per acre per year with the total cumu- 
lative application not to exceed 2,500,000 gallons per acre. These application rates are only tentative 


and would require refinement and approval from the State. 


The present daily sludge flow would require approximately 14 trips per day to and from the in- 
terim injection site by the vehicle, if equipped with a 3,500 gallon tank. Cycle time for such a vehicle 
to fill, travel one-quarter mile to the site, inject and return would be approximately one-half hour. 
Thus eight-hour per day, six-day per week operation would probably be necessary. Manpower at the 


treatment plant would need to be increased by one or two man/shifts. 


Approval of such interim application of raw sludge would be necessary from the State, and this 
permission should be requested immediately on a standby basis. Once such license was obtained and the 
necessary capital was available, the City would be prepared to immediately activate the contingency plan, 


should problems be encountered with the Purifax system. 


Recognizing the time required for such approval and obtaining equipment, a formal request should be made 
immediately and procural of the required capital should begin. Similar permission was granted to the City 


of Kalispell, and with adequate safeguards the State would be likely to respond favorably. 


An additional measure required as part of the interim plan is the remedial capability to correct 
an odor problem should it occur in a lagoon cell(s) as the Purifax system continues to operate. This 
is to be afforded by the immediate acquisition of an adequate stockpile of powdered activated car- 
bon that could be applied to the lagoon surface to absorb odors in a critical situation. Powdered ac- 
tivated carbon is presently used at the Helena Municipal Water Treatment Plant, and arrangements 
for the necessary transfer of some surplus material could be made. Alternatively, the carbon could 
be purchased and delivered to the Wastewater Treatment Plant from Dyce Sales and Engineering in 


Billings, Montana, or another suitable supplier. 
The anticipated implementation costs for the interim sludge handling plan are projected in 


Table 4. It is impossible to predict how long, if at all, the program would de operated; however, a 


first-year cost has been projected assuming nine months of actual operation of the injection vehicle. 
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TABLE 4 


FIRST YEAR COST SUMMARY 
IMPLEMENTATION COST OF STANDBY INTERIM SLUDGE HANDLING PLAN ! 


Description First Year Cost 


Activated Carbon, 30,000 Ib. stockpile @ $.25/Ib. 
(Could deodorize two lagoon cells in event of a crisis) $7,500 


Mobile Sludge Injection Vehicle* * 120,000 


Installation of Temporary Injector Vehicle Loading Port 
at Sludge Oxidation Building 1,500 


Engineering, Legal & Administrative Fees associated with 
temporary land application system implementation 5,000 


FIRST YEAR CAPITAL COST $134,000 


Operation and Maintenance* 


Labor (1.5 man/shifts for 9 months) $22,200 
Vehicie Fuel, O & M (1,875 hrs. @ $6.50/hr.) 12,200 
First Year O & M Cost $34,400 
TOTAL. ELES Te ¥ EAR:‘COST $168,400 


t Costs shown for first year operation of the proposed standby interim sludge handling plan are only 
approximate. They depend to a large extent on the resale opportunities and price obtainable for the 
used mobile sludge injection vehicle if it were to no longer be used. Capital costs of such equipment 
are also subject to wide variations, depending on the exact type of vehicle desired. First year costs 
presented would decline significantly in subsequent years, if the interim plan were to be continued. 


**Cost shown is the delivered price for the vehicle. No allowance for resale or remaining vaiue has 
been included. Due to the interim nature of the program under which this vehicle would be used, its 


purchase price is not eligible directly for funding assistance under the EPA Consiruction Grants Program. 


* A very conservative allowance of nine months of full operation of the injector vehicle during the 
first year was made. Thus costs shown for O & M are the maximum possible during that year. 
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These interim measures are the optimum of those available. Capital investment is minimized, and the 
major equipment involved quite possibly would find future application on a permanent basis. These 
measures offer good flexibility, and are reliabie and straightforward. The environmental impact of 
operation of such a program of raw sludge injection is documented elsewhere (see page 41). As 

long as weli-founded application rates are utilized, the process differs little in impact from the injec- 
tion of a stabilized sludge. Bacterial decay is induced in the soil, and the essential! difference is that 
the stabilization occurs there instead of earlier. The presence of virulent pathogens in the raw sludge 


is the most obvious hazard, but the prohibition of public access affords a reasonable safeguard. 


3. Recommended Alternate Permanent Plan 

The permanent wastewater solids management plan recommended as an alternative to con- 
tinue operation of the Purifax system is Alternative No. 4 as presented in the original Facilities Plan. 
lf the existing solids handling system is necessarily abandoned after the evaluation period, this alter- 
native utilizing anaerobic digestion followed by sludge injection represents the overall most attractive 
replacement option. As cited in the original plan, a comparative composite ranking of the alternatives 
considered rated Alternative No. 1 first, with Alternatives No. 2 and 4 receiving equivalent ratings of 
second (ref. Table 14, ‘’Ranking of Alternatives’ in original plan, p. V!I-13). Other alternatives all re- 
ceived lesser ratings. The conclusion of this investigation and the associated results of the analytical 
testing program strongly substantiated this conclusion. Discussions with Water Quality Bureau per- 
sonnel indicated a dissatisfaction with the prospect of injecting Purifaxed sludge into the soil after 
pH adjustment (Alternative No. 2) due to the questionable effect on subsequent agricultural land use 
and the possibility of widespread application of a waste material containing certain compounds whose 
toxicological properties are indeterminate at this time. In view of the results of analytical tests per- 
formed serious questions are raised in this regard, and Alternative No. 2 was thus withdrawn from 
consideration. Although high capital costs are associated with Alternative No. 4, these are largely off- 
set by reduced operation and maintenance costs and the opportunities for energy conservation im- 
plicit in the process. Additional investigation afforded a significant reduction in capital expenditures 
necesssary to implement this alternative by replacement of the proposed two new primary anaerobic 


digesters with a single unit. 


A schematic of the solids handling process recommended for anaerobic digestion and sludge in- 
jection is shown in Figure 5. Revisions to the existing Sludgd Oxidation Building would allow the in- 
stallation of new twin 80-gpm centrifuges to dewater the waste-activated (secondary) sludge to a 
solids concentration amenable to anaerobic digester feed, four to five percent. Polymer introduction 
prior to centrifuging would be required to assure performance, and the necessary polymer feed 
sauipment would also be housed in this building. Anaerobic digestion would be high-rate, two-stage. 
One new 530,000 gallon primary digester would be constructed on open ground in the northwest 
portion of the facility grounds, and would be 60 feet in diameter by 25 feet SWD. This would be 


maintained at relatively constant levels in the process and thoroughly mixed to optimize methane 
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FIGURE 5 


production and sludge stabilization. Primary digester effluent would be routed to twin secondary di- 
gesters made from the existing sludge storage tanks which originally served as low-rate anaerobic di- 
gesters at the time of plant construction. These secondaries, equipped with floating covers, would al- 
low storage capacity for both digested sludge and methane gas, and their levels would fluctuate as 
required. Methane generated in the system would be used for heating of the primary digesters where 
the majority of the digestive process would occur. Any surplus could be employed for plant utility 
requirements; however, no allowance has been made for this due to the uncertainty of the generation 
of a surplus. The secondary digesters would have no mixing or supplemental heating, and would pro- 
mote settling of the digester solids allowing decanting of supernatent liquid to be returned to the ex- 
isting liquid treatment process. This creates some additional organic loading on the liquid process; 
however, with implementation of the recommended improvements in the liquid process, supernatent 
return would be a practical possibility. 1t would have the positive benefit of reducing the volume of 


sludge to be subsequently handled by mobile injection equipment. 


Piping and pumping flexibility would be provided in the system to allow the routing of raw 
sludge directly to either of the primary digesters and from there to either of the secondaries. The 
system would necessarily involve some major revisions and additions to the existing piping system at 
the plant, although existing piping to the sludge holding tanks and the Sludge Oxidation Building 
could be partially utilized. Additional sludge pumps would also be required in addition to the re- 


application of some of the existing units. 


From the secondary digesters, stabilized sludge would be pumped through a new sludge transfer 
line to a land application site for injection or surface application. Three potential sites in close prox- 
imity to the plant have been investigated, and tentative indications have been given by the owners | 
that they would favorably consider such a program. These sites include: Site | - usable portions of two 
40-acre plots owned by the City directly north of the plant, one of which is presently used for dried 
sludge landfilling; Site I! - farmland directly east of the plant owned by Donald Burham; and Site III - 
Helena Municipal Airport property. These sites are shown in Figure 6, and relevant details are sum- 
marized in Table 5. The site life projected for Site | based on cadmium loading criteria is relatively 
short (Table 5). It is thus necessary to consider Sites I! or I1! for use to meet needs throughout the 
planning period. Both have relative benefits. Land use is more constant at the airport site, and can 
be safely presumed to remain so indefinitely. However, any nuisance afforded by the injection pro- 
cess could be in direct conflict with public interests. The Burnham property affords a degree of pri- 
vacy and is slightly closer to the pliant. However, sludge application would have to be more intensively 
controlled to remain compatible with the owner’s agricultural interests. W/ater table depths are ade- 
quate at both locations, and the prevailing soil characteristics of both are likewise amenable to a 


sludge application system. 
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The land application of anaerobically digested sludge legally restricts certain future use. The fol- 


lowing requirements must be met (ref. Federal Register 44:179, September 13, 1979): 


i. lf crops are grown for direct human consumption within 18 months of the sludge applica- 
tion, no contact is allowable between the sludge and edible portions of the crop. If this cannot be 


guaranteed, such crops cannot be grown for 18 months after application. 


ii. Grazing by animals whose products are consumed by humans must be prevented for at 


least a month after sludge application. 


iii. Public access to the application facility must be controlled for at least 12 months. 


Thus consultation between the City and the owners of Sites I! and I!1 are advised before a final se- 


lection would be made. 


The operational mode of the sludge land application would be similar to that described in con- 
junction with the Recommended Interim Plan (preceding). Direct injection using an injector vehicle 
would be utilized during frost-free months. This vehicle would be serviced by a loading port at the end 
of the sludge transfer line, greatly reducing vehicle cycle time. During winter months surface applica- 
tion using a spray bar on the same vehicle would be employed, if possible. Again, control of runoff 
and public nuisance during winter operation would be minimized by the presence of vegetative 
stubble on the site and working of the soil immediately after the spring thaw. An alternative for win- 
ter operation would utilize two of the existing lagoon cells for cold weather storage. Minor modifica- 
tions would be necessary to afford this capability, and would involve dredging to increase storage 
depth while holding exposed surface area to a minimum. The !atter consideration !s in anticipation 
of offensive odors associated with the spring thaw of the lagoon contents. If such a problem proved 
severe, covers would have to be added to the cells. However, no allowance has been made for this 
addition at this time; rather, winter spray application of the sludge should be pursued initially as the 


preferred alternative. 


During either the summer or winter operation of a land application system, the following tenta- 
tive loading rates based on sludge cadmium content and ambient soil conditions have been established 
and were used to estimate the useful lives of the sites under consideration: (requirements change with 
time in compliance with the EPA National Pollutant Discharge Elimination System Program) 

Annual Load (through June, 1984): 500,000 gal/ac 
Annual Load (July, 1984 through 1986): 300,000 gal/ac 
Annual Load (1987 and thereafter): 125,000 gal/ac 
TOTAL CUMULATIVE LOAD: 2,500,000 gal/ac 
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Thus any one acre can be reused year after year, provided annual loads are not exceeded, until the 
total cumulative loading has been reached. Thus precise scheduling and recording of sludge applica- 


tions is essential to the proper operation of such a program. 


Capital costs of the entire digestion/injection alternative are presented in Table 6. Annual! costs 
are then summarized in Table 7. Investigation of the costs reported for this alternative in the orig- 
inal Facilities Plan as compared with costs developed for this study revealed a discrepancy greater than 
could be accounted for by inflationary increases alone. However, cost verifications obtained from 
equipment manufacturers and recent construction bids in the area showed the original cost reported 
for the new primary anaerobic digesters to be approximately 35 percent too low, despite a realistic 
inflation allowance. This cost has been revised to reflect the increase, along with some minor adjust- 


ments to other line items. This was also directly reflected in several annual cost items. 


4. Development of Alternative No. 7 - Municipal Solid Waste/Wastewater Sludge Co-Incineration 
An additional wastewater solids handling alternative has evolved in conjunction with an 
option presented in the Comprehensive Solid Waste Management Plan for Southwest Montana Solid 
Waste Planning Area (Draft Report, July, 1979) prepared by Robert Peccia and Associates. This al- 
ternative, employing co-incineration of dried sludge with municipal refuse for energy recovery, affords 


an integrated approach to solid waste management in the Helena Valley area. 


A feasibility analysis for energy-derived materials from municipal solid waste contained in the 
draft report explored the possibility of a central solid waste energy recovery facility to handle mu- 
nicipal solid waste from the Helena area. This facility would be operated in place of the present City 
solid waste landfill, and revenue would be generated through sale of the derived energy. Local energy 
markets were investigated, and the existing Fort Harrison Veterans’ Administration Hospital located 
west of Helena was recommended as a site for such a facility (see Figure 6, preceding). For details 
of the proposed system and associated analysis, the reader is referred to the draft report cited above; 


only a brief recap of the system will be included here. 


Solid waste would be trucked to the site in conventional collection vehicles, deposited on a 
tipping floor from which a front-end loader would transfer it to a conveyor system feeding two 
modular 50-ton-per-day Consumat incinerators. These units, equipped with heat exchangers for 
steam generation, employ a limited amount of supplementary fuel and have provisions for recom- 
bustion of their own stack gases to eliminate air particulate emissions. Thus no additional stack gas 
cleanup is required before discharge. An annual average of one-third of the steam generated would be 
used for heating of the hospital facilities in lieu of the steam heat presently generated by natural gas- 


fired boilers. The remaining steam would be routed through an extraction turbine and generator, with 
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TABLE 6 


CAPITAL COST SUMMARY* 
ANAEROBIC DIGESTION/SLUDGE INJECTION ALTERNATIVE 


Item 


Waste-Activated Sludge Dewatering Equipment 
Polymer Feed Equipment 
Centrifuges (two @ 80 gpm each) 
Modifications to Existing Sludge Oxidation Bldg. 


Subtotal — 
Amortization @ 7 1/8% for 20 years 


Anaerobic Digesters 
New Primary Digester (GO’ dia. x 25’ SWD) 
Convert Two Holding Tanks to Secondary Digesters 


Subtotal — 
Amortization @7 1/8% for 20 years 


Revision of Existing Lagoons for Standby Sludge Storage 
Amortization @7 1/8% for 20 years 


Pipelines and Pumps 
Amortization @ 7 1/8% for 20 years 


Sludge Injection System 
Sludge Transfer Pipeline with Pumps & Loading Port 
Mobile Sludge Injection Vehicle 
Site Preparation and Erosion Control 


Subtotal — 
Amortization @ 7 1/8% for 20 vears 


(7 1/8%for 10 years for injection vehicle) 
TOTAL CONSTRUCTION COST 
Engineering, Legal & Administrative (15%) 


Contingency (10%) 


TOTAL COST— 


Capital Cost Annual Amortization 
$15,600 
210,000 
15,000 
240,600 
$22,900 
$300,000 
300,000 
1,100,000 
$104,800 
$10,000 
$1,000 
$110,000 
$10,500 
$275,000 
121,000 
20,000 
416 ,000 
$45,400 
$1,876,600 $ 184,600 
281,500 27,700 
187,700 Se HLH, 
_$2.345,800 __$230,800 


*Costs presented are based on anticipated 1980 construction costs in 1980 dollars. It is assumed that the ma- 
jority of construction would occur sometime thereafter, and an inflation allowance of 13% per year should be 


added. 
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TABLE 7 
ANNUAL COST SUMMARY* 
ANAEROBIC DIGESTION/SLUDGE INJECTION ALTERNATIVE 
Item Annual Cost 
Labor (Including benefits @ 30%) 
One laborer for sludge dewatering $18,200 


One operator for sludge injection vehicle 22,800 


Operation and Maintenance (Including power consumption) 


Dewatering chemicals (polymer @ $10/ton dry solids) 5,500 
Waste-activated sludge dewatering equipment (5% of capital) 12,000 
Anaerobic digestions ( 1% of capital) 11,000 
Sludge injection vehicle (8 hrs./day @ $6.50/hr..6 days/week) 16,200 
Injection site maintenance and erosion control 3,000 


Pumping Costs and Pipeline Maintenance, Including Sludge Transfer 


Line (5 % of Capital) 19,300 
Subtotal — $108,000 
Amortization of Capital 230,800 
TOTAL ANNUAL COST— $338,800 


*Costs are presented in 1980 dollars. 
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the resulting electrical power to be used on-site or sold back into the local Montana Power Company 
grid. Annual costs for the Fort Harrison facility are shown in Table 8. Significant costs are associated 
with the increased transportation distance to the facility as compared with the existing City landfill. 
The annual cost overview presented shows that a net system cost would be incurred by operating the 
facility of approximately $200,000 per year. This is a cost in addition to present landfill costs, which 


have been accounted as a facility revenue in the table. 


The amenability of the modular incinerators proposed at Fort Harrison to the co-incineration of 
wastewater sludge in conjunction with the municipal solid waste feed has been demonstrated as prac- 
3 tical, provided water introduced in combination with sludge solids does not impede combustion. This 
enables development of a process by which sludge disposal activities could be conveniently combined 
into the operation of the Fort Harrison facility. This process is shown in schematic in Figure 7, and 
has a number of initial steps in common with the recommended permanent wastewater solids manage- 
ment plan presented in the preceding section. Waste-activated sludge would be dosed with polymer 
and centrifuged to a solids concentration of four to five percent in preparation for subsequent anaer- 
obic digestion. A new building would be constructed to house the waste-activated sludge dewatering 
equipment. Remodeling of the existing sludge holding tanks would create two single-stage, high-rate 
anaerobic digesters to receive the combined primary and thickened secondary sludge stream. These 
digesters would be operated at a significantly lower solids retention time than that obtained through 
the two-stage digestion process recounted previously. However, the lesser degree of stabilization ac- 
complished will be adequate for subsequent belt filter dewatering operations. Two 80-gpm belt filters 
will be housed in the existing Sludge Oxidation Building; polymer feed equipment will also be in- 
cluded to promote filter operation. It is anticipated that a sludge cake of approximately 20 percent 
solids will be obtained which would be amenable to handling and daily truck transport to the Fort 
Harrison incineration facility. Approximately 25 cubic yards of 20 percent cake would be produced 
per day at present plant flows; this figure would roughly double by the year 2000. One trip per day 
from the treatment plant to Fort Harrison would be necessary at a haul distance of seven miles one 
way (see Figure 6, preceding). The truck would dump the sludge cake into a receiving pit served by 
a belt conveyor which would transport the material to a steel bin with four days of storage capacity 
at the present rate of sludge production. An auger feed system would transfer bin contents to a di- 
rect rotary sludge drier to be equipped with a heat exchanger to enable use of incinerator process 
steam as fuel. The dried sludge would be augered into individual feeders added to the two incinera- 
tors. These mechanical feeders would control dried sludge feed to the incoming municipal refuse en 


route to the combustion chamber. 


The high ratio of sludge volume to municipal refuse generated in the Helena area precluded the 


possibility of effective combustion of the mixture without sludge drying in addition to dewatering. 
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TABLE 8 


FORT HARRISON SOLID WASTE FACILITY ANNUAL COSTS 


Description Annual Cost 
Facility Cost (Total Capital @ $2,855,000) $305,000 
Labor 3 15,000 
Equipment Operation and Maintenance 150,000 
Utilities and Fuel Gas for Incinerators 50,000 
Power Generation (Turbine Maintenance) 24,000 
Ash Landfill (Class III) 48,000 
Insurance 12,000 
Increased Transportation Cost 52,000 
TOTAL COST— $956 000 
Less Facility Revenues (Including Steam & Electrical Sales) 871,000 
NET SYSTEM COST— $85,000 


*(Ref. 1979 SW Mont. Solid Waste Management Plan Draft Report prepared by Robert Peccia & Associates). 
Costs presented are for municipal solid waste incineration alone with energy recovery. Additional costs asso- 
ciated with sludge co-incineration are reported in Table 9 . All costs are presented in 1980 dollars. 
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Due to the fortuitous availability of surplus process steam at the Fort Harrison facility, the economics 
of the drying operation are surprisingly attractive. No significant fuel cost is incurred due to the steam 
surplus. An annual average surplus of approximately two-thirds of the steam produced at the site 
would otherwise be diverted to electrical generation. However, this turbine process is a cost-intensive 
one, such that electrical sales, once adjusted for expenses involved in generation, amount to only 12 
percent of the facility revenues reported in Table 8. The steam requirements diverted to the sludge 
drying operation would reduce electrical revenues by only 13 percent or approximately $14,000 
(Table 11). 


Capital costs for the additional facilities required for co-incineration of sludge are presented in 
Table 9. These do not reflect the cost of the incinerator system required for straight municipal refuse 
combustion, only the additions required to handle the added sludge. At the present rate of sludge 
generation, dried solids from the siudge stream constitute an additional tonnage loading on the incin- 
erator system of only three percent. No cost has been assessed for this relatively insignificant incre- 


ment. 


Annual costs for the co-incineration alternative are compiled in Table 10. These again are pre- 
sented from the standpoint of additions to the base municipal refuse incineration system. It has been 
assumed that operating expenses of the base municipal system would remain, irrespective of the in- 


troduction of dried sludge into the process steam. 


An interesting comparison of net cost for this wastewater solids management alternative is pos- 
sible with that of the recommended alternative permanent plan (Table 11). Taken individually on the 
annual cost bases presented (Tabies 7 and 10), a direct comparison of the two alternatives is not pos- 
sible. This is due to the fact that the municipal refuse incineration facility is projected to operate at a 
deficit of $85,000 per year (Table 8); this ioss must be assessed against Alternative No. 7 to afford a 
valid comparison on an annual cost basis with the modified Alternative No. 4. This affords a projected 
margin of economic superiority of the recommende digest/inject alternative of $18,200 per year. This 
margin could diminish during the course of the planning period due to continued increases in energy 
costs. Higher prices for natural gas and electricity would push the Fort Harrison facility closer to a 


break-even operation from a municipal refuse standpoint. 


Despite such possibilities, the sludge management alternative of co-incineration for Helena poses 
some serious problems. First and foremost, the alternative is precluded from practical consideration 
at this time due to the very tentative planning stage of the Fert Merrison facility. !mpiementation 
of such a system is at best five years down the road. Should the Purifax system be retained due to 
demonstrated performance improvements, it would be worthwhile to re-evaluate the feasibility of the 


co-incieration alternative in 1985 before a recommended additional Purifax unit was acquired. However, 
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TABLE 9 


CAPITAL COST SUMMARY* 
MUNICIPAL SOLID WASTE/WASTEWATER SLUDGE CO—INCINERATION ALTERNATIVE 


Item 


Sludge Dewatering Equipment 
Polymer Feed Equipment 
Belt Presses (two @ 80 gpm each) 
Modifications to Existing Sludge Oxidation Building 
(including truck loading conveyor) 


Subtotal — 
Amortization @ 7 1/8% for 20 years) 


Pipelines and Pumps 
{including Holding Tank Recirculation Pumps) 
Amortization @ 7 1/8% for 20 years) 


Truck Transport 
Semi-T ractor 
Covered Hopper Trailer (75 cu. yd.) 


Subtotal — 
Amortization @ 7 1/8% for 10 years 


Additional Facilities at Fort Harrison Co-Incineration Site 
Steel Storage Bin (100 cu. yd.) with truck unloading conveyor 
Auger Feed System from Storage Bin to Drier 
Rotary Drier with Heat Exchanger (to utilize process steam) 
Auger Feed System from Drier to Incineration Feeders 
Modifications to Incinerators (including two individual 

dried sludge feeders) 

Increased Building Space (6000 sq. ft. @ $25/sq. ft) 


Subtotal — 
Amortization @ 7 1/8% for 15 years 
(7 1/8% for 20 years for building space) 


Capital Cost 


$18,800 
240,000 


25,000 


$283,800 


$80,000 


$50,000 


28,000 


$78,000 


$40,000 
15,000 
175,000 
45,000 


30,000 
150,000 


$455,000 


Annual Amortization 


$27,000 


$7,600 


$11,200 


$48,000 


*Costs presented are based on anticipated 1980 construction costs in 1980 dollars. It is assumed that the ma- 
jority of construction would occur sometime thereafter, and an inflation allowance of 13% per year should be 


added. 
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TABLE 9 
(Cont.) 


CAPITAL COST SUMMARY* 
MUNICIPAL SOLID WASTE/WASTEWATER SLUDGE CO—INCINERATION ALTERNATIVE 


TOTAL CONSTRUCTION COST $896,800 $93,800 
Engineering, Legal & Administrative Fees (15%) 134,500 14,100 
Contingency (10%) 89,700 9 400 


TOTAL COST — $1,121,000 $117,300 _ 
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TABLE 10 


ANNUAL COST SUMMARY* 


MUNICIPAL SOLID WASTE/WASTEWATER SLUDGE CO-iINCINERATION ALTERNATIVE 


Item 


Labor (inciuding benefits @ 30%) 
One laborer for sludge dewatering 
One truck driver (% time) 

Operation and Maintenance (Including power consumption) 
Dewatering chemicals {polymer @ $30/ton dry solids) 


Sludge dewatering equipment (5% of capital) 


Facilities at Fort Harrison Co-Incineration Site (10% of capital) 


Pumping Costs and Pipeline Maintenance (10% of capital) 
Truck Transportation (15 miles/day @ $1/mile) 


Insurance 


Subtotal — 


Amortization of Capital 


TOTAL ANNUAL COST 


*Costs are presented in 1980 dollars. 


Annual Cost 


$ 18,200 
11,400 


32,900 
14,200 
45,500 


8,000 
5,500 


5,000 


$140,700 


117,300 


$258,000 
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TABLE 11 


COMBINED ANNUAL COST SUMMARY* 
MUNICIPAL SOLID WASTE & WASTEWATER SLUDGE DISPOSAL 


item Annual Cost 


Wastewater Treatment Plant Facilities 


Labor $ 29,600 
Operation & Maintenance 92,600 
Pumping Costs 8,000 
Truck Transportation Costs 5,500 
Insurance 5,000 
Amortization 117,300 
Subtotal — $258,000 
Fort Harrison Facility Total Annual Cost $956,000 
Steam for Sludge Drying (Lost Electrical Sales) 14,000 
TOTAL COST — $1,228,000 
Less Fort Harrison Facility Revenues (including steam & electrical sales) 871,000 
Less Cost of Comparable Sludge Handling System {Alternative No. 7) 338,800 
TOTAL REVENUE — $1,209,800 
NET COMBINED SYSTEM COST $18,200 


*Costs are presented in 1980 dollars. 
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should the Purifax system be abandoned by mid-year 1980, the several year interim before co-incin- 
eration became a reality would be beyond the reasonable or permissible duration of the recommended 
interim sludge handling program of raw sludge injection. {n light of the recent Notice of Violation 
and Order to Take Corrective Action, a definitive decision regarding the future status of the Purifax 


system is imminent within months. 


However, as shown in Table 11, the co-disposal of municipal refuse and wastewater sludge is 
approaching a break-even point with the proposed anaerobic digestion/sludge injection alternative 
from an economic standpoint. Recognizing the energy related aspects of the co-incineration alterna- 
tive and the rapid recent rate of inflation of energy costs, it is advised that this option be seriously 


considered before making a definitive decision to implement any proposed alternate permanent plana 


5. Environmental Impacts of Plans Presented 
The recommended interim and alternate permanent plans as well as Alternative No. 7, should 

it be further considered, can be anticipated to result in various unique insignificant environmental 
impacts. No significant adverse impacts are anticipated. The continuation of the existing sludge handling 
system is also associated with environmental impacts which have been thoroughly investigated as 
part of the Analytical Testing Program and are documented in Chapter II. The other plans presented 
vary in the nature and degree of their associated impacts; however, certain features are noteworthy. 
First and foremost, it is to be emphasized that wastewater treatment and in particular sludge stabili- 
zation and disposal are necessary activities that inevitably create and disseminate odors that contam- 
inate the air and offend the olfactory sense of the average citizen. Such odors can be judiciously con- 
trolled, but their total elimination is economically prohibitive and in some cases not even possibile. 
This fact is especially relevant to the Helena situation where offensive odors have been a primary 
concern. The local citizenry should not delude themselves by believing that activities at their waste- 
water treatment facility will be odor-free, whether the existing Purifax system continues to operate 


or is replaced. 


It is also significant that any sludge disposal plan which uses the soil as an ultimate repository 
for stabilized sludge risks the possibility of contamination, however slight, of underlying groundwater. 
Obviously, judicious planning and operation of such programs is the key to minimizing contamina- 
tion hazards and it is reasonable to expect that such activities can be carried out in a safe and innoc- 
uous manner. Because sludge represents a concentrated residue from diverse municipal wastes, cer- 
tain undesirable materials such as heavy metals will impose a foreign load on any land disposal site, 
and such substances wil! be introduced in quantities in excess of ambient levels. Again, judicious 


safeguards are necessary to insure against significant environmental degradation. 


41 


HINI-OD motsd Mriverni wy Nv ms pote 0 
bsdnemmooey erty to naissiub sing ha ee ; 
a nolisialy to ssitel Ineaey seit to seigih wih, aM jer ” 


xetivu? of to ete 2 svutut writ cog ir evitios " 


a? - 
*\ ogbule is tewstesw brie savior tsgioiaun to ispenye ibico alah A 
viterisrie THT opdule\nonesnib ddoyousa | JRPOGIIQ oe 
“EXISTIS NOB eNiONt-OD en? Te atogque b¥taley vung ert s qrisingooeh poabnhige 
Vieuonse ed noitao zirtt tart Dealviiesi HN ercon YQ2S7s ‘ ndize!ini t to o767 Pnwoey bi 16) ots t vs 
enela SIMaQ Wervetts besogess ya themoltami of reieiggb svitiniteb & pivbiam sroted Oe web) 2noo 
i, : 7 if a 
fy) ne 
s bust voaee wnat te exdaqe) lsgnemnovivn’ 
wore avitenorlA 26 flew 8 @neh, sosnanrriog ater 6 bas mitegei bsiiemmoosy aT 
Wie 5 sisting! gi Supion n) IMG OF bxteqidivne ad 182 sbersbienog vert 
PA OAGN apbuls yrizixs ort to neitsueiings-ed™ LS eobires aie ese gMi ge eos snuoitingla of 
a3 vi yihiguota? needs gm teaser wri atti bor Roges be: ne 
ené'q Vrs SAT LE) wetharid ni-betrisnwSbb.ens Bae ySperT gonijedT lasitylenA wis) Ne 
1 WSTON OIG HOT MSIOS eveWwON 27 SHIN OSIGIVOes tierls To serpsb bne sivian ae HY 
ue IS & eit ; ow Joni) besiesrtiqme od oe bb ai Jeorney oA 7 , 
ng tery 2 Cimossib tig 394° VON Tach apitiviies yo ezeooon HS Iseogaib ote 
cUCShwi oct neg saber oul pesisin uve Or te aeribe \notosHe srt bnstto bes ‘ies 
1 n | se emcei bag evisidiriow yHegithnnope of n Svesimile istos vote 
Vianiig 6 need overt eobe svizasiie aedw NOMBUT Ee ensish ay of ineval a sive ei te 
a2eRW TiO? Pesiziviton teat onivsiiad Vo 2avige mer? shulsb ton biuorg Vinesitio taco} we 
SIHOGS OF Bgunitnas meseye xethus onitelew bey sortpertys 867 4eb0 ed fiw \ailisat see | 
r rere 
VIOMNOGS) Stemisiy ne ee tov et peau toidw 1 alg iseoqain agbile vie 
WSTEWONLOND EMivhsbnu to sHpile tev HIERN TO ytilidizen side 
NiineINcs prisinninion ay wert ott ai EHS DOG gue to nels ‘oreK96 bne ening oie 
“oonni bre ste 6 ni 10 bales ad pen e8itvitas cf foug qerty rIegKe- OF snes i 
“189 .28226w lsqizinum oe ravi ry on pial 201 boreimesngs ou | 
+ 


euoipibrl iningA aleval Insidmis to appoxe ni seititogap n ‘bsanbor i 8 dt 
: a alt : ae | 

_-hoitsbewyeb \eoersnnonivme oe ries 9 anh 
i 0 | \ir™ 


Siz lexogzib bral ¥"i6 no bsol Opie? 5 S2OQM) Westar’ 


% 


a. Recommended Interim Plan 
It is expected that the Recommended Interim Plan would only be operational for a short 
time period. The following impacts could be anticipated in conjunction with the interim sludge man- 


agement measures proposal 5 


| i. Judicious site selection for the raw sludge injection proposed and adequate runoff 
control measures will prevent serious contamination hazards to existing surface water resources. By 
injecting sludge to a depth of approximately one foot, earth cover will be effectively provided and 
the sludge will be retained by and stabilized within the soil. The concentrations of heavy metals re- 
ported in the Analytical Testing Program will remain unchanged. The potential for hazardous leachate 
formation and migration to underlying groundwater will be minimal due to the elimination of direct 
contact between the siudge and precipitation water, and the use of controlled application rates based 
on metal concentrations. The distance involved from the injection depth to the ambient groundwater 
table (12+ feet, typically) and the low sludge application rates proposed further safeguard against 
groundwater contamination. During winter operations the proposed low-level surface spray applica- 
tion of sludge would pose no direct threat to groundwater resources since the presence of a frost 
barrier would eliminate leaching problems. The surface water contamination risk would correspond- 
ingly increase, but would be minimized by use of selected minimal grade plots well removed from 
surface watercourses, by the presence of adequate remaining vegetative cover, by adequate runoff 
and erosion control measures, and by the incorporation into the soil provided by subsequent injec- 


tion over the site immediately in the spring. 


The activated carbon application proposed as a contingency measure would have no 
deleterious impacts to surface or groundwater resources; the net effect would actually be beneficial 
since suspect organic compounds would be removed from a liquid phase and permanently bound in- 


to the carbon solids. 


ii. Air quality impacts anticipated in conjunction with the proposed interim plan would 
primary involve odor generation. As previously discussed, sludge disposal cannot be accomplished 
without some risk of offensive odors. The injection of raw sludge into the soil during frost-free months 
wouid result in no odor release other than minimal occurences associated with pumping, handling or 
possible accidental spills. Winter operations proposed would be riskier from an odor standpoint, 
despite the inherent odor abatement associated with cold weather. Low-level surface spray applica- 
tion would undoubtedly result in some odor release, and a remote site would necessarily be required. 
The periodic midwinter thaws typical in the Helena Valley would afford the time of greatest odor 
hazard. The actual intensity and offence of the odors associated with winter spraying would not be 
precisely determined until the process was actually implemented on a trial basis. However, it is an- 


ticipated that nothing of the magnitude of the current odor problem would be experienced. 


42 


Ns | eer 
CA a? 
; u ta" ‘ ¥ 
oe ha G0. 

“forte & wr lend iaereqe od tv ah 


“<2 aubute mi’ aro) at rsiws iano 


a 
¥ 


Hon esunebs bose bssoqQow O52 sin ¢ sibs we? erit o Peds % ae yo a 
9. sscnuiaest yatew opatier peitting obab iene pete vetiart i \3¢ 
bt bivaw! yvieyvsette odbiiw java rite, enh aro a i Be ts sk pritton 
n yveadt to enolsspaeenise ont Hoe wit ninth: iV. Lori tidege baie. xa berisser od iw ot ¥ 8 

5 exer yt isinnpaag- eT jbagnsrtony s verve it tia mnerpond ooisgeT IsnitytenA 8 
106" YD nile-art) ota faminion od bliw ae swOr voy priylysiany of Noire wilt Rp PY: at 
teare nouseitaas Betlownod To sel) ori Drie , ae aia Hainan bres aphvvte ris nssweted 198 


io inside shor riigeh noitosini arty row pevdowss sonae wT golem ineonod ten air? #0 a 


oe 


ne svootse vatiwl bewptioia asin ncnyeoHge aptule ¥ #6; ait bs (yi! wo wgyt , aot +51) hs 


=~ etd 
et Syn heyel-yn Qc ay oe vores 3 iw ft Nery Wy sOATEHATISINGg 196 - add an 
at q a - 
5 ( oy’ 267%) si cuvlerieepag. OF Taste? woh an seeq bivow ogbule to; he i 
: Tr 
dat) roitsciz ATEN Jyue ait. ameidora onidosel steni imiis bluow piste 
’ 
| worn) {ley e ebetp hit 219 au ya DoiuAinN d biuow 3u0 sepowal 
as} ee yy, 
ess weupebe vt eves eviletenay o ; @Bapoehs le spcees old ved Ea CODE: SET Ue 
| wie hi fe ‘ pe 5 d teade' 
MOCO YO OBOINOTE TOP ts if Ooty NIP SPORIGO. Siz xe fia 22 1IES m ion 1a noite 
P he 2 
4 ri wit er } vietaiteernr ral orl asf a A 


aT 
a 1) . 7 ? oe : a3, ‘ bee if 1G ri }e ree ti> nod i. siGvisos ef? . 7 * 
} a8 Mi ESL GaN tatewon vow 10 goss ot aroaqrri a . ra hid 
bavod yitrarediee lave oes Joie mort: Delonas ad oluow J bryowmee ph intin 


—_ a 
>| 


i -— a > vy 


ar 


wey ml wet py aaorupios ai baleciotir ins etaieqentl ytileup reel: 
| DarizilQMmOuIe SSNS 1 omeity agiuzit  begatoeib, ylet so} aNG 2A ngearersy robe @ sya! 
+ nom ae) -t20lt. gare HeRaeT Onn egbul ve1 19 repisarairr! oT: +e gvieriatio 19 zit bib me 
70 gnilbnar 4 aan nu ftw bp atEtD ed apf eo ipeninien, Gris wire ezonlen ag an : 
Ibrese 1Obe A ARON? midis i blow baaaqgorg FnoisE eRe ‘aan iad: 
BOGIES YO exehwe eue!-woJd .1eeesew bles itive baiei70arg syormesi 0 t 
-beriupar od yliveseonen biuow vtie etoenmn 6 brie sesh soho oon os at i nn 
yoo rest¥e wp to-ern 7-9? byte bivow xe Yai nolo ‘ rate 
ed ton blow grive Ge vatnivy ctive wesione: 


- 
revowol P Fe igus re — 


w male OF ‘ Ba bis 
ae ; mn 


rae ie 


oe ahs 


“me ei hs r 


An impact to air quality from the distribution of airborne pathogens is not expected; 
direct injection of sludge will provide a suitable earth cover. During winter months, if low-level spraying 
is to be utilized, the combination of adherence to vegetative material, the instantaneous freezing in- 
duced by low temperatures, and the use of a remote, access-controiled site will provide adequate 
safeguards. The alternate of winter lagoon storage would afford no risks above those already existing 


at the treatment facility. 


iii. A minor impact to future land uses of the sites utilized for raw sludge injection will 
result. As discussed previously, certain restrictions are legally required at the site(s) to assure protec- 
tion of food chain products and public health. If City-owned ground is to be used, problems wil! be 
minimal; the use of other sites will require coordination and cooperation with the respective land 
owners involved. Some land would necessarily be temporarily removed from production of consum- 


able grains and the grazing of livestock. 


iv. No impacts to community facilities or cultural resources are associated with the pro- 


posed interim plan. 


v. | The economic impact of the interim plan would be significant to the City. The recent 
Order of Compliance requires that such measures be adopted, and the capital requirements are very 
significant. It will be necessary that the City obtain additional revenue-generating capabilities through 


whatever means are available to meet these requirements. 


b. Recommended Alternate Permanent Plan 
The following insignificant environmental impacts are anticipated as a direct result of im- 


plementation of the Recommended Alternate Permanent Plan. 


i. Impacts to surface and groundwater resources are anticipated to be similar to, 
although to a lesser degree, those presented for the interim plan. Without any enforced reduction in 
the amounts of heavy metals reaching the municipal sewer system, the metals content of the sludge 
will continue unchanged. Anaerobic digestion will not have any reducing effect on these concentrations. 
Digestion will have the effect of reducing the levels of certain organics in the sludge through biological 
processes; however, other organics associated with bacterial metabolism will increase in concentration. 
The chlorinated organics susp 2cted to form in the existing Purifax process will be removed. Controlled 
land application rates for sludge disposal will afford protection against contamination hazards from 
metals and other deleterious substances. The large areas involved in a land application system insure 
that no isolated area receives a sufficient amount of sludge to afford significant opportunity for harm- 
ful leachates to occur. This is considered superior to the existing sludge landfill site where the waste 


is concentrated for disposal. Further assurances against environmental degradation are afforded by 
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the soil characteristics in the areas considered for land application; relatively high pH and soil cation 


exchange capacity will promote ready assimilation by the soil of metals present in the sludge. 


The environmental compatibility of surface spray application during the winter 
months would depend on judicious application and site preparation to prevent runoff contamination 
_ of surface waiters. The presence of suitable vegetative cover and the incorporation of the sludge into 


the soil the following spring would again be critical. 


ii. Air quality would be safeguarded under the Recommended Alternate Permanent Plan. 
The sludge stabilization afforded by anaerobic digestion would eliminate virulent pathogens complete- 
ly. The opportunity for odor dissemination is also greatly reduced by the stabilization process. The 
soil cover afforded in the injection process should prevent odor release during summer operation. Dur- 
ing the winter, the opportunity for odors could persist whether the sludge is surface applied or stock- 
piled in the existing lagoon system. Thaw periods will be the most troublesome. The use of a relative- 
ly remote spray application site will be the best assurance against any odor offense. If the lagoon 


storage option is used, experience will dictate whether lagoon covers are necessary. 


iii. Future land uses of the injection sites utilized will result in and will primarily involve 
temporary crop farming and livestock grazing restrictions. These restrictions are compatible with the 
projected land uses of all sites under consideration, and no long-term limitations are imposed should 
unforeseen changes in the land use occur. Site 11 would potentially be the most severely impacted of 
the three sites since it is exclusively in private agricultural use at present. However, the jand owner 


has indicated a strong interest in negotiating for the use of portions of his property for sludge disposal. 


iv. No impacts to cultural resources of the area are associated with the Recommended 
Alternate Permanent Plan. Community facilities which include the Helena Wastewater Treatment 
Plant would necessarily be expanded by the addition of a new anaerobic digester, related equipment, 


and the negotiated lease of appropriate additional land for sludge application. 


v. |The economic impact of the Alternate Permanent Plan would require that the City 
raise significant additional capital for the construction of new facilities. This would require substan- 
tial additional revenue, and would probably result in an increase in the sewer rates assessed to the lo- 


cal citizens. Such rate increases would be obtainable only with Public Services Commission approval. 
c. Alternative No. 7 - Municipal Solid Waste/Wastewater Sludge Co-Incineration 
The anticipated environmental impacts associated with the co-incineration alternative 


differ substantially from those of the Interim and Alternate Permanent Plans summarized above. This 
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is due to the unique processes inciuded in this alternative. The projected impacts can be summarized 


as follows: 


i. Few opportunities for an impact to water resources in the Helena Valley exist with 
this alternative. The dewatering of the raw sludge on beit press equipment will create a liquid side- 
stream of high organic content that will be recycled to the existing liquid treatment process at the 
treatment plant. Thus the sidestream will be adequately treated through the plant, and the quality of 
the plant effluent will remain unchanged. The modular incinerators proposed at the Fort Harrison fa- 
cility use a limited amount of water for quenching of the resultant ash. This would generate a small, 
periodic discharge to the existing wastewater treatment lagoons at the hospital site. The quantity and 
quality of this wastewater discharge would remain essentially unchanged by the introduction of siudge 


to the incineration process. 


Ash from the incineration process would be disposed of at a Ciass II! landfill site in 
the vicinity. The sludge ash would be only a minor and comparatively innocuous addition to the total 


disposal volume due to the thoroughness of sludge combustion. 


ii. Air quality considerations for this alternative pose no significant problems. The de- 
watering and transportation of raw sludge could result in minimal isolated odors, but the location 
of dewatering equipment within the existing Sludge Oxidation Building and the use of a covered 


trailer for transportation would eliminate the opportunity for public offense. 


Particulate and gas emissions at the Co-Incineration Facility would remain essen- 
tially unchanged by introduction of dried sludge to the incinerator feed. The proposed modular in- 
Cinerators utilize a reburning process to eliminate noxious emissions in their waste gas stream, and 
the technique has proven to be very successful. Periodic release of waste steam would be accom- 
plished to the atmosphere at the facility, but would again remain unchanged by the inclusion of 
sludge in the process. Off gases from the rotary sludge drier would be routed through the inciner- 


ators to assure cleansing before discharge to the atmosphere. 


iii. Land use impacts anticipated with the implementation of a co-incineration process 
would be minimal. No additional land in the vicinity of either the Wastewater Treatment Plant or 


the Co-Incineration Facility would be affected by the sludge incineration process. 
iv. No impact is anticipated to cultural resources of the area due to this program. The 
Fort Harrison Co-Incineration Facility would be owned and operated by the Veterans’ Administra- 


tion, and thus would become a public federal facility. 
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v. the economic impact of this alternative would again require significant capital expen- 
ditures by the City in conjunction with the Veterans’ Administration Hospital. The exact allocation 
of cost burdens would need to be negotiated. Costs to the City would necessarily involve generation 
of additional revenue, with a probable increase in sewer rates, at least temporarily. If this alternative 
were to be implemented, inflating energy costs could substantially increase the facility’s own revenue 


in the future, and result in an eventual reduction in local sewer rates. 
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List of Abbreviations 
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APPENDIX 1 


LIST OF ABBREVIATIONS 


COD carbonaceous oxygen demand, a measure of oxidizable material 
present in a sample 


ac acre 

cfs cubic feet per second 

fps feet per second 

gal gallon 

gpcd gallons per capita per day 
gpd/sf gallons per day per square foot 
gpd gallons per day 

gpm gallons per minute 

hp horsepower 

lb/day pounds per day 

mgd million gallons per day 

mg/I milligrams per liter 

pH hydrogen ion concentration 
ppm parts per million 

psi pounds per square inch 

PVC polyvinyl chloride 

scfm standard cubic feet per minute (at 68 ° F and 14.7 psia) 
SWD sidewater depth 


ug/I micrograms per liter 
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APPENDIX 2 


Description of Analytical Testing Program 
and 
Results of General Chemical Analyses 


ROBERT PECCIA & ASSOCIATES 
Planners - Engineers - Designers 
ONE NORTH LAST CHANCE GULCH - SUITE 3 
HELENA, MONTANA 59601 406/442-8160 


November 19, 1979 
MEMORANDUM 


Re: Analytical Testing Program for Helena Sludge Handling Study 


A comprehensive chemical testing program has been implemented as part of the Helena 
wastewater sludge handling study to evaluate the existing sludge oxidation facility as well as other 
alternative technologies under consideration. This is a broadly-based program oriented not only to- 
ward investigation of associated noxious odors produced, but also toward the environmental ramifi- 
cations associated with the various processes. 

Various sludge land application systems have been suggested as a sequel or an alternative to 
the present system. Consequently, analyses are being performed for compounds in both raw and 
oxidized sludge samples as well as the contributing wastewater streams that would affect the prac- 
ticality of such land application. The presence of heavy metals, various nitrogen forms, and assorted 
anions (chloride, sulphate, phosphate) control the amount of sludge that can be land applied in an 
environmentally sound manner. The chiorine oxidation of municipal sludge may have a potential 
for excessive dissolution of certain anions and heavy metals, and analyses performed on both raw 
and oxidized sludge samples should demonstrate the extent of such occurrences. 

A significant potential benefit of land application of wastewater sludge is the organic fertil- 
izer/soil conditioner benefit accrued by the soi] thus treated. Parameters such as sjudge carbon con- 
tent (COD, TOC), phosphate content and trace nutrient value dictate the agricultural benefit to be 
anticipated from the sludge. Other characteristics of municipal sludge such as pH, anion content and 
heavy metal content can be of adverse effect and should be verified to be within acceptable limits. 

Anaerobic sludge digestion is also being considered as an alternative sludge handling system 
to chlorine oxidation. As a process, it is dependent upon similar nutrient and carbon contents and 
is somewhat sensitive to the presence of certain deleterious substances such as heavy metals. Thus, 
analyses performed will also enable evaluation of this treatment alternative. 

Additional heavy metals analyses are being performed on wastewater composite samples 
taken from the three major trunk sewers lines serving the Helena area to ascertain the source(s) of 
heavy metals, if they are demonstrated to occur in the sludge. Excessive heavy metals in many cases 
tend to demonstrate the presence of inadequately pre-treated industrial waste discharges, and such 
strategic testing locations would enable future investigation to pinpoint problems if they are evi- 
denced. 

The concern over noxious odors associated with the present sludge oxidation system jus- 


tified the implementation of a highly specialized testing program for organic compounds utilizing 
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MEMORANDUM 


Re: Analytical Testing Program for Helena Sludge Handling Study 


gas chromatography/mass spectroscopy (GC/MS), a specialized analytical tool for such determina- 
tions. The rapid and widespread diffusion of odor from the chlorinated sludge iagoons indicates the 
presence of a relatively volatile compound(s) of an organic nature. For this reason, a GC/MS an- 
analysis for volatile organics in the chlorinated sludge has been initiated to specifically address the 
odor problem. Identification of the volatile organic constituents of the treated sludge, while not 
guaranteeing positive identification of the odor-causing compound(s), will possibly provide this, 
and at least will permit better understanding of the odor-producing mechanism. Contingent on eval- 
uation of the results of this analysis, further volatile organics testing of additional samples, such as 
the raw sludge, could be instituted to investigate any change in volatile organic compounds induced 
by sludge chlorination. 

An additional analytical opportunity afforded by GC/MS technology is a comprehensive 
screening for a broad class of organic compounds designated by the E.P.A. as priority pollutants due 
to their hazardous potential. Certain priority pollutants are volatile organic compounds and will be 
detected by the volatile organics test. Thus the results of the volatile organics analysis will give a 
strong indication as to whether priority pollutants testing would be warranted. The demonstrated 
presence of such compounds would be of crucial significance in assessing the environmental sound- 


ness of any contemplated sludge disposal system. 


A primary concern regarding the current sludge handling system utilizing lagoon storage and 
drying of the chlorinated sludge is the possibility afforded for contamination of groundwater with 


any deleterious substance present. A unique opportunity for investigation of this possibility was 


afforded by the installation of a PVC underdrain system in the sand bed of a filled lagoon. Due to 
the relatively inert nature of the sand fill, the effluent from the underdrain piping is representative 
of the lagoon leachate that must pass through the soil strata to reach the groundwater. Analyses per- 
formed on samples of the underdrain water will be evaluated in conjunction with the assimilation 
capability of the underlying soil to determine the potential for contamination that might exist. 
Such analyses tentatively exclude provisions for GC/MS scans for volatile organics and priority pol- 
lutants in the underdrain water, but could be modified to include these parameters should other 
GC/MS test results demonstrate justification. 

The aforementioned testing program is outlined on the two following attachments.“ Attach- 
ment | summarizes the different tests performed on the various samples as well as the respective 
testing agencies involved. Most analyses were done locally, with the exception of those requiring 
GC/MS capabilities. These are being done by Lauck’s Testing Laboratories, Inc., of Seattle. Mike 
Nelson, Chief Chemist for Lauck’s, visited the Helena Wastewater Treatment Plant on Wednesday 
afternoon, November 14, 1979, to facilitate implementation of the GC/MS testing program. He dis- 


cussed the laboratory's capabilities for this type of testing, which were in complete accordance with 


* Attachments not included in this report. 
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MEMORANDUM 


Re: Analytical Testing Program for Helena Sludge Handling Study 


the present needs. The cost of the volatile organics analysis of a sample of the chlorinated sludge is 
estimated at $200 to $300, including sample containers, sample preparation and analysis. Addition- 
al samples submitted for the same analysis would be similarly priced. The cost for the additional 
comprehensive priority pollutants analysis would be approximately $1,600, and would not be im- 
plemented without strong justification. A logical progression for GC/MS testing is presented in 
Attachment |] and could proceed as far as positive indications and fiscal considerations warranted. 

Heavy metals analyses for eight common elements are being performed by the Montana De- 
partment of Health Laboratory at a cost of approximately $55 per sample. Six samples are present- 
ly being analyzed. Additional analyses are being performed by Helena Wastewater Treatment Plant 
personnel. 

In addition to these analytical testing programs, an extensive literature search is being con- 
ducted regarding both sludge oxidation and alternative technologies as well as problems inherent in 
each. Contacts are continuing with manufacturers and designers of the present sludge handling sys- 
tem as well as state and federal regulatory agencies. The E.P.A. is currently proceeding with two 
high-priority studies of the chiorination of municipal wastewater sludges, and will be focusing par- 
ticularly on associated environmental hazards. Documented results of these studies will not be avaiil- 
able by mid 1980. In the interim, the localized testing program outlined herein will provide reliable 
data site-specific for the Helena facility. Thus objective recommendations can be made for the con- 
tinued operation, modification or replacement of the current sludge handling system on the basis 


of the results of this testing program. 


Alden Beard 
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APPENDIX 2 


COMPILED ANALYTICAL TEST RESULTS 
HELENA SLUDGE HANDLING SYSTEM 
(All results in mg/l unless otherwise specified) 


Helena Helena Helena Freshly Lagoon 
Sewer Sewer Sewer Raw Purifaxed Under- 

Parameter West Central East Sludge Sludge drain 
Heavy Metals 

Cadmium total <0.005 <0.005 <Q.005 0.42 0.34 0.29 

Copper total 0.28 0.18 0.40 47.90 38.90 19.50 

Manganese total 0.04 0.04 0.05 3.00 2.36 15.30 

Lead total <0.05 <0.05 0.20 6.72 6.03 0.12 

Chromium total <0.05 <0.05 <0.05 1.00 0.88 <0.03 

Mercury total <0.0004 <0.0004 <0.0004 0.095 0.075 <0.001 

Nickel total <0.10 <0.10 <0.10 0.49 0.40 0.38 

Zinc total 0.25 0.20 0.79 57.80 46.8 35.80 

__Anions 

Chloride 

Sulfate 
Nitrogen 

NO, + NO3-N 0.02 0.38 

ammonia--N 450.0 340.0 

TKN 130.0 1700.0 
Miscellaneous 

pH 5:1 we | aa 


COD, total 3660.0 


Lagoon 
Super- 
natent 


19.0 
26.0? 


1310.03 
1260.0° 
450.04 
98.75 
0.34 
330.0 


450.0 


Be 


Comments 


Units = pH Units 
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APPENDIX 2 
(CONT.) 
COMPILED ANALYTICAL TEST RESULTS 
HELENA SLUDGE HANDLING SYSTEM 
(All results in mg/I unless otherwise specified) 


Helena Helena Helena Freshly Lagoon Lagoon 
Sewer Sewer Sewer Raw Purifaxed Under-  Super- 
Parameter West Central East Shidge Sludge — drain natent Comments 
Volatile c Reported elsewhere by 
organics Lauck’s lab 
(Appendix 3) 

Free Cl c Reported elsewhere 
residual on combined lagoon 


supernatent & solids 
(Appendix 4) 


< Reported earlier by State Lab for MDHES Water Quality Bureau, September 22, 1978. 
b Reported earlier by State Lab for MDHES Water Quality Bureau, June 18, 1979. 


© Analysis reported elsewhere (see following appendices). 


APPENDIX 3 


Results of Volatile Organics Analysis 
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APPENDIX 3 


VOLATILE ORGANICS ANALYSIS OF FRESHLY PURIFAXED SLUDGE 


‘Sampling Date: December 21, 1979 

| Analysis Performed By: Lauck’s Laboratory, Seattle, Washington 

| Analytical Technique: Helium purge and trap technique followed by gas chromatography/mass spectroscopy 
with computerized library search identification. 


RiEsue us 
Compound Estimated Concentration 
(ug/L) 
1, i-dibromo-2-chloro-2-fluoro- 

) cyclopropane 40 
chloromethane* 10 
chloroethane* <10 
dichloromethane* 20 
methyl oxirane 100 
1-chloropropane < 10 
trichloromethane (chloroform) t 20 
1, 1, 1-trichloroethane* 10 
tetrachloromethane T 

(carbon tetrachloride) 10 
trichloroethane* <10 
3-methyl-2-butanone = 10) 
1, S, S-cycloheptatriene 40 
ethy! benzene | <210 
5-methyl-2-hexanone <10 
Compounds identified with a lower probability by a computerized library search: 
dichlorodifluoromethane* moO 
ethanol <10 
1-propanol sage) 
3-methylpropane <10 
3, 3-dimethyloxetane ath) 
3-methylbutane <10 
3-methylhexane <10 


* Compounds included on the EPA priority pollutants list (ref. P.L. 92-500 Federal Clean Water Act, and 
paragraph 11 of the Consent Decree in ’’Natural Resources Defense Council, et.al, vs. Train’’ 8 ERC 2120 
(D.D.C. 1976) ) 


t Compounds cited as suspected carcinogens to laboratory test animals as per EPA tentative water quality 
published for appraisal and comment (ref. Federal Register 44:52 and 44:144) 
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APPENDIX 4 


Results of Lagoon Stage 
and 
Free Chlorine Residual Monitoring 
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Date 


11/08/79 


11/09/79 
11/12/79 
11/15/79 
11/18/79 


11/20/79 
(%"" ice) 


11/30/79 


12/10/79 
(1” ice) 


12/18/79 
01/08/80 


01/18/80 
(5”’ ice) 


APPENDIX 4 
CHLORINE RESIDUAL AND LAGOON STAGE DATA 
(WEST CENTRAL LAGOON CELL) 
Free Chlorine Residual 


(mg/l) * 


(flow to lagoon ceased at end of day; 
no further addition planned) 


312 
251 
198 
(first ice on lagoon, complete skim) 


126 


22 


Big 


3.1 


Lagoon Stage 


i 


126 aa 


12’ 6%” 


te Tae 


aad bee 


12564, 


12° 38%" 


hance 


12’ 10%" 


d2nUve 


*Samples for analysis always obtained at a point approximately 50 ft. straight off discharge pipe; 
lateral center of lagoon. 


t Measurements do not reflect total lagoon stage; a metal rule was affixed to a stage stake and 
numbers are arbitrary, but comparatively accurate. Beginning stage was approximately 30 inches 
total water depth (taken to top of sediment). 
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APPENDIX 5 
Results of Activated Carbon Batch Tests 


ty 


Ie) 
oe V4 


“if 
an 


¢ 


wr, . 


- 


a 


7 ed 


re Para 2 > 
eer ga 


APPENDIX 5 


RESULTS OF ACTIVATED CARBON BATCH TESTS 
FOR ODOR CONTROL IN PURIFAXED SLUDGE 


Date: January 21, 1980 
Location: Helena Wastewater Treatment Plant Lab Facility 
Tests Performed By: Alden G. Beard 


All tests performed on freshly Purifaxed sludge collected and left in sealed containers 


for one hour +. Sludge collected: 10:45 a.m. Tests begun 11:45 a.m. 


All tests run as follows: 

1. Powdered activated carbon dosages weighed on analytical balance and batched 
dry into 500 mi glass beakers. 
500 ml of thoroughly mixed Purifaxed sludge added to beakers individually. 
Magnetic stirring to simulate flash mix performed for a period of five minutes. 


Beakers covered with airtight Para-film and set aside for one-half hour +. 


LE OF och Mad ye 


Five individuals lifted covers on beakers one at a time and sniffed contents; 
their comments were recorded based on the following parameters: 

— Do you detect any odor? 

— How would you describe the odor? . 

— Is the odor a definite Purifax-type odor? 

— Is the odor offensive? 

6. A blank was also batched, mixed and set aside for comparison using only Pur- 


ifaxed sludge with no activated carbon addition. 
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APPENDIX 6 


MDHES Notice of Violation 
and 
Order to Take Corrective Action 
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STATE OF MIOINITARIIAN fittenia MONTAMA. 457.01 


RK KAA EK 
DIRTCTOR 
December 28, 1979 ty 
ae 
Mayor Kathleen Ramey 1 > 
City-County Ruilding ji 
316 North Park 


Helena, Montana 59601 


Re: Notice of Violation and Order to Take Corrective 
Action--Helena Sewage Treatment Plant 


Dear Mayor Ramey: 


Attached is a Notice of Violation and Order to 
Take Corrective Action concerning the Helena sewage treatment 
plant. te recognize that the City of Helena has spent consider- 
able money and effort to correct the odor problem at the 
sewage treatment plant and the steps taken.will probably lessen 
the problen. Wowever, we still believe that, as it is currently 
operated, the plant will continue to be a public nuisance, 
especially durinq warm weather. The City must be prepared 
with a contingency plan to cure the nuisance unless it can 
show, through its studies, that the problem can be corrected 


through the changes already made and which can be made during 
the next few months. 


If you have any guestion concerning this matter, 
please contact Mr. Don Willems, Administrator, Environmental 
Sciences Division, at 449-3946. 


Sincerely, 


EC fr ght 
7h es Needed SS ea 0 Ag eps ep PAs bey SoA a Cg 
Director 


Department of Health and Environmental 
Sciences 


Pnelosure 
ce: Navid Ashley, City Manager 


oy. ny oe ae i 
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BERD “THE MONTANA DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES 


me es ee ne ee a ee Se OO OO OO Oe 


In the matter of the sewaqe treatment ) NOTICE OF VIOLATION 
facility of the City of Helena, ) AND 


Montana ) ORDER TO TAKE CORRECTIVE ACTION 


To: The Mayor, City Commissioners, and the City Manager of Helena, Montana 


NOVICE PF VIOLATION 

You are hereby given notice by the Montana Nepartment of Health and Environmental 
Beienccss ("DHFS") that you are in violation of rule 16-2.14(1)-S1480(1) of the 
Administrative Rules of Montana, governing control of odors. The violation is 
as follows: | 

1. The City of Helera, as part of its operation, operates a sludge treatment 
facility at its sewaqe treatment plant located north of Helena, Montana. 

2. ARM 16-2.14(1)-S1480, Odors, Control of, porohibits the emission of odors 
in such manner as to create a public nuisance. 

a During the months of Avril through November, 1979, the DHFS received 
numerous complaints concerning noxious odors emitted from the sludge treatment 
facility from members of the public living or working near or passing by the 
sewage treatment plant. 

4, The foregoing complaints establish that odors have been and continue to 
be emitted from the sludge treatment facility in such a manner as to create a 


vublic nuisance, and thereby constitute a violation of ARM 16-2,.14(1)-S1480(1). 


ORDER TO TAKE. CORRECTIVE ACTION 
Based on the foregoing Notice of Violation, and pursuant to the enforcement 
authority granted to the DMS by Section 75-2-401, MCA, it is hereby ordered 
that the Citv of Helena inmediately take action adequate to eliminate the 
nuisance referral to above, and, mere spocifically, shall: 

l. Proceed as ranidly as possible with completion of the current engineering 
evaluation of the sludge treatment portion of the Helena sewage treatment plant 
in order to determine if it can reasonably be operated and/or altered so that 


it will function in comliance with ARM 16-2.14(1)-S1480, the rule governing 
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control of cdors. A report of the findings of this evalvation shall be submitted 
to DHES no later than February 15, 1980. 

2. If the engineering evaluation shows the facility as designed can be made 
to comply with the standards of the odor rule cited above, include in the report 
required by paragraph | above a date when onerational or other changes necessary 
to bring the facility into compliance will be completed, 

3. If the engineering evaluation determines that the Sludge treatment 
facility as Sch a cannot. be exvected to comply with the ee Eee odor 
rule, provide to DHFS by March aes 19807 a compliance schedule acceptable to 
DHES Soe abatement of the public nuisance described in the Notice of Violation, 
This schedule all address hoth temporary and pe erenene measures to be taken by 
the City of Helena to abate the nuisance, and provide dates for submittal of 
nians, any necessary mrocurament of land, ordering and delivery of any necessary 
equipment, completion of een ation of that equipment and any necessary related 
construction, and the date the sludge treatment facility will be in compliance 
with ARM 16-2.14(1)-S1480(1). The ener, measures must be fully implemented 
no later than Mavecbee LeU. 

4, The dates required above to be submitted to DHES by the City of Helena 
are subject to the approval of DHES; once aporoved, they shall become part of 
this Order to Take Corrective Action, and failure to complete the actions des- 
cribed above by the respective dates agreed upon shall constitute a violation 


of this Order. 


OPPORTUNITY FOR HEARING 
Pursuant to Section 75-2-401, MCA, this Order becomesfinal unless, within 
thirty (30) days after the Notice and Order are received, you request in writing 
a hearing before the Board of Health and Fnvironmental Sciences. 


DATED this day of December, 1979. 


Vi bireghd 


Roce poo aan D., Director i a 
Dopartmenk& ae Health and Enviromental 
Sciences 
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Lewis & Clark Library 
120 S. Last Chance Gulch 
Helena, MT 5960] 
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